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HI ST ORICA I  SUMMARY OP 3XPSRIMENT S ON THE OEE-JEBK'
Th® p a t e l l a r  t e n d o n  r e f l e x  or k n e e - j e r k  h a a
"been t h e  s u b j e c t  o f i n v e s t i g a t i o n  f o r  th e  l a s t  h a l f
■?
c e n t u r y  ©, I t  was d i s c o v e r e d  i n  1875 by two G er­
m ans , W ilhelm H i e n r io h  E rb  ( 7 )  and  O t to  W estp ha l  
(£ 2 )  w o rk in g  i n d e p e n d e n t l y 0 The m ethod  u s e d  by  
them was s i m i l a r  t o  th e  m ethod u s e d  i n  n e u r o l o g i c a l  
c l i n i c s  o f to -d a y «  The s u b j e c t  was a s k e d  t o  s i t ,  
a l l o w i n g  h i s  l e g  t o  hang  p e n d a n t .  The p a t e l l a  was 
t h e n  s t r u c k  by a s m a l l  hammer or w i t h  th e  s id e  o f  
t h e  hand* E rb  and  W estpha l o b se rv e d  t h e  r e a c t i o n  
and  ju d g ed  th e  t im e  and th e  e x t e n t  o f  th e  j e r k .
Prom t h e i r  in d e p e n d e n t  o b s e r v a t i o n s ,  th e y  r e a c h e d  
d i v e r g e n t  c o n c l u s i o n s .  E rb  b e l i e v e d  th e  phenomenon 
to  be a t r u e  r e f l e x ,  w h i le  W estp h a l  a rg u e d  t h a t  i t  
was a  m e c h a n ic a l  r e s p o n s e  t o  th e  s t i m u l u s .  The 
c o n t r o v e r s y  w h ich  fo l lo w e d  c e n t e r e d  i n  th e  s t a t e ­
m ent t h a t  th e  l a t e n t  t im e  was to o  b r i e f  to  a l lo w  
f o r  n e rv e  c o n d u c t io n  t o  and  from  th e  s p i n a l  c o r d .  
Owing t o  t h e  c ru d e  m ethod o f m e a s u r in g ,  no  s c i e n ­
t i f i c  f a c t s  w ere  o b ta in e d  u n t i l  i n s t r u m e n t s  w ere  
i n t r o d u c e d  t o  m easu re  th e  r e a c t i o n  tim e more
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a c c u r a t e l y .
The f i r s t  r e s u l t s  o f  e x p e r im e n ts  on r e a c t i o n  
t im e  a p p e a re d  i n  1 8 7 9 ,  Betw een 1879 and  1895 a  
number o f  i n v e s t i g a t o r  a r e p o r t e d  r e a c t i o n - t i m e  w h ich  
v a r i e d  from, 15 t o  90 s ig m a s ,1* The a v e r a g e  t im e  f o r  
t h i s  p e r i o d  was 3 8 ,8  s ig m a s .  W alle r  (2 1 )  i n  1890 
r e p o r t s  t h a t  a r e f l e x  movement of th e  l e g  w i l l  r e -  
q u i r e  a t  l e a s t  100 s ig m as  th u s  s u p p o r t i n g  W estpha l 
i n  h i s  B e l i e f  t h a t  t h e  phenomenon i s  n o t  a  t r u e  r e ­
f l e x ,  W aller b a s e d  h i s  judgm ent upon  a co m p ariso n  
of th e  r e a c t i o n  t im e  o f  th e  w ink  r e f l e x ,  Exner ( 8 ) 
h a v in g  fo u n d  i t  t o  be b e tw een  47 and 55 s ig m a s .
Even th o u g h  W alle r  a g r e e s  w i th  W e s tp h a l ,  he b e l i e v e s  
t h e r e  a r e  a rg u m e n ts  i n  s u p p o r t  o f th e  phenomenon 
b e in g  a t r u e  r e f l e x ,  i f  th e  t im e  e le m e n t  i s  d i s r e -  
g a rd e d .
I n  c o n t r a s t  w i th  th e  s t a t e m e n t s  made by  W est­
p h a l  and  W a l le r ,  th e  r e s u l t s  o b ta in e d  by J o l l e y  
(12} and  Snyder (16 )  e s t a b l i s h e d  f u r t h e r  e v id e n c e  
t h a t  t h e  phenomenon was a t r u e  r e f l e x .  B o th  men 
d e m o n s t r a te d  t h a t  th e , t im e  b e tw een  t h e  s t i m u l u s ,  
and  r e s p o n s e  was t h e o r e t i c a l l y  lo n g  enou gh  t o  be a  
* S ig m a -d e n o te s  t h o u s a n d th s  o f a  s e c o n d .
t r u e  r e f l e x ,  Snyder f i n d i n g  t h e 'a v e r a g e  tim e  t o  be 
l i e 3 s igm as w h i le  J o l l e y  fo u n d  i t  t o  be 2 1 . 9 s i g ­
m as. J u a t  p r e v i o u s  t o  t h e  work, o f  J o l l e y  and  Sny*= 
d e r , Bodge ( 6 ) had  d e m o n s t r a te d  t h a t  t h e  t im e  r e «  
q u i r e d  f o r  a  m u sc le  r e s p o n s e  t o  d i r e o t  s t i m u l a t i o n  
was s h o r t e r  th a n  t h a t  r e q u i r e d  f o r  th e  k n e e - j e r k .  
Dodge b a se d  h i s  s t a t e m e n t  i n  p a r t  upon th e  work o f 
e a r l i e r  i n v e s t i g a t o r s .
Hoffman i n  1910 fo u n d  th e  r e f l e x  t im e  o f two 
s u b j e c t s .  I n  one he fo u n d  th e  t im e  t o  r a n g e  from  
19 t o  24 s ig m a s ,  w h i le  i n  th e  o th e r  he fo u n d  th e  
t im e t o  r a n g e  from  32 t o  36 s ig m a s .
F u r t h e r  work c o n c e r n in g  th e  te m p o ra l  r e l a t i o n ­
s h i p s  i n  th e  te n d o n  phenomenon was c a r r i e d  on by  
T u t t l e ,  T r a v i s ,  and  H unter ( 1 8 ) .  They fo u n d  th e  
t im e  f o r  e i g h t  s u b j e c t s  t o  be 79 s ig m a s .  T h e ir  
work te n d e d  t o  b r i n g  th e  c o n t r o v e r s y  w h ich  had  con­
t i n u e d  from  th e  t im e  of E rb  and  W estpha l  t o  a 
c l o s e .  I n  t h e i r  d i s c u s s i o n  o f  th e  d a ta  o b t a in e d  
from  t h e i r  e x p e r im e n t  t h e y  s a i d ,  " I f  i t  were t r u e  
t h a t  th e  k n e e - j e r k  and  th e  A c h i l l e s - j e r k  w ere  p u r e ­
l y  m u sc u la r  r e s p o n s e s ,  th e  a c t i o n  c u r r e n t s  u s e d  a s
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an  I n d e x  r e s p o n s e  would, bo s e t  up  by  d i r e c t  s tim as^  
l a t i o n  o f  t h e  m u sc le .-  One w ould  then, e x p e c t  t o  
f i n d ,  i n  a n  e x p e r im e n t ,  w here  a s e r i e s  o f  s u c c e s s iv e  
c o n t r a c t i o n s ,  a re . r e c o r d e d  t h a t ,  i f .  t h e r e  were a 
wide r a n g e  i n  t h e  l a t e n t  t im e  o f  th e  r e s p o n s e s ,  th e  
s h o r t e s t ' t i m e  would a p p ea r  i n  th e  b e g in n in g  f o l l o w ­
ed by a p r o g r e s s i v e  i n c r e a s e  due t o  th e  phenomenon 
o f  f a t i g u e  w h ich  i s  c h a r a c t e r i s t i c  o f m u sc u la r  r e ­
s p o n s e . ” They go on t o  s a y ,  "A nother f i n d i n g  w h ich  
seems t o  b e a r  on t h e  p ro b lem  o f  t h e  r e f l e x  n a t u r e  
o f  th e  two r e s p o n s e s ,  i s  th e  m arked d i f f e r e n c e  b e ­
tw een  t h e i r  r e d u c e d  r e f l e x  t im e .  T h is  d i f f e r e n c e  
i s  to o  g r e a t  t o  be a c c o u n te d  f o r  on th e  b a s i s  of 
t im e  d i f f e r e n c e  i n  s im p le  m usc le  r e s p o n s e s  or d i f ­
f e r e n c e s  i n  l e n g t h  o f  th e  n e rv e  t r u n k s  i n v o lv e d .
I n  th e  o p in io n  » f  th e  w r i t e r s ,  t h e  e x p l a n a t i o n  
l i e s  i n  th e  c e n t r a l .m e c h a n i s m  i n v o l v e d , "  And f u r ­
t h e r  m o re ,  "The r e l a t i v e l y  w ide v a r i a t i o n  i n
r a n g e  o f  th e .  r e d u c e d  r e f l e x  t im e  o f  th e  r e s p o n s e
g
o f  th e  same i n d i v i d u a l  s u g g e s tAt h a t  th e  k n e e - j e r k  
and  th e .  A c h i l l e s - j e r k  n o t  o n ly  in v o lv e  a s p i n a l  r e ­
f l e x  a ro  b u t  may in c lu d e ,  a pa thw ay  much more, com­
p l e x ,  w h ich  would f u r n i s h  an  a d e q u a te  b a s i s  fo r
t h e  v a r i a t i o n s  i n  r a n g ® ,"  A f t e r  t h e  a p p e a ra n c e  o f  
th e  work by T u t t l e , T r a v i s  and H u n te r ,  t h e  phenom­
enon  h a s  b e en  g e n e r a l l y  a c c e p te d  a s  a t r u e  r e f l e x .
O th e r  s t u d i e s  w ere  made d u r in g  th e  same p e r i o d  * 
a s  th e  s t u d i e s  i n  r e g a r d  t o  t h e  t e m p o r a l  e le m e n t  i n  
th e  r e f l e x .  The work o f  Lombard (1 5 )  i n  1888 i s  one 
o f  th e  e a r l y  i n v e s t i g a t i o n s .  Lombard u s e d  o n ly  him­
s e l f  a s  a s u b j e c t  and d e a l t  m a in ly  w i t h  c a u s e s  o f 
v a r i a t i o n s  i n  th e  k n e e - j e r k .  He was n o t  c o n c e rn e d  
w i t h  t h e  r e a c t i o n  t im e  n o r  i n t e r e s t e d  i n  t h e  q u e s ­
t i o n  a s  t o  w h e th e r  t h e  phenomenon was a t r u e  r e f l e x .  
The r e s u l t  o f  h i s  i n v e s t i g a t i o n s  c an  h e a t  be  
g iv e n  by q u o t in g  h i s  own w o rd s .  "The c a u s e s ' o f  
t h e s e  v a r i a t i o n s  o f  th e  k n e e - J e r k : a r e  n o t  o n ly  a l ­
t e r a t i o n s  i n  th e  m u s c le s  and n e r v e s  i n v o lv e d  i n  th e  
p r o c e s s ,  b u t  t o  a s t i l l  g r e a t e r  d e g r e e ,  e h a n g e s  i n  
th e  a c t i v i t y  o f  t h e  c e n t r a l  n e rv o u s  s y s te m ,  e i t h e r  
a s  a w hole  or i n  p a r t .  Thus f a t i g u e ,  hunger , e n e r ­
v a t i n g  w e a th e r  and  s l e e p ,  c o n d i t i o n s  w h ich  d e c r e a s e  
th e  a c t i v i t y  o f t h e  w h o le , c e n t r a l  n e rv o u s  s y s te m j  
d e c r e a s e s  th e  a v e r a g e  k n e e - j e r k ,  w h i le  r e s t ,  
n o u r i s h m e n t ,  i n v i g o r a t i n g  w e a t h e r , and w a k e f u l n e s s ,
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I n f l u e n c e s ,  w h ic h  i n c r e a s e  t h e  a c t i v i t y  of, the . c e n -  
t r a l  n e rv o u s  sys tem ,,  in c r e a s e -  th e  a v e ra g e  k n e e - j e r k .  
These, i n f l u e n c e s  a c c o u n t  f o r  th e  d i u r n a l  v a r i a t i o n s  
o f  th e  k n e e - j e r k * ,  w h i le  th e  m u l t i t u d e - o f  ch an g e s  
t h a t  a r e  s e e n  to  o c c u r  w i t h i n  s h o r t -  i n t e r v a l s  of: 
t im e  a r e  due to  tem p o ra ry  a l t e r a t i o n s  i n  th e  a c t i v -  
i t y  o f  c e r t a i n  p a r t s  o f  th e  b r a i n  and c o r d .  Thus 
v o l u n t a r y  movement and s t r o n g  e m o t io n s ,  when sy n ­
c h ro n o u s  w i th  th e  b low , a r e  fo und  t o  i n c r e a s e  th e  
movement; and t h i s  i s  n o t i c e d  ev en  d u r in g  s l e e p  
w h e n , th e  dream s a r e  v i v i d .  S i m i l a r l y ,  s e n s o r y  
i r r i t a t i o n s ,  even  when n o t  s t r o n g  enough to  p ro ­
duce v i s i b l e  r e f l e x  a c t i o n s ,  may m a rk e d ly  r e i n ­
f o r c e  th e  k n e e - j e r k ,  b u t  w h e th e r  on a c c o u n t  o f  
t h e i r  e f f e c t  upon  th e  b ra in " ,  o r  upon  th e  s p i n a l
c o r d ,  m ust be p ro v ed  by f u t u r e  e x p e r im e n t s . 11-----—
---------- _— r - ”I n  g e n e r a l ,  t h e n ,  i t  may be s a i d  t h a t
th e  k n e e - j e r k  i s  i n c r e a s e d  and d im in is h e d  by  
w h a te v e r  i n c r e a s e s  and d im in i s h e s  th e  a c t i v i t y  o f  
th e  c e n t r a l  n e rv o u s  s y s te m  a s  a  w h o le ,  and t h a t  i t  
i s  ev en  more n o t i c e a b l y  a l t e r e d  by  te m p o ra ry  
c h an g e s  i n  th e  a c t i v i t y  o f  c e r t a i n  m echanism s o f  
th e  s p i n a l  c o r d ,  and b r a i n ” . The e f f e c t  o f  s l e e p
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upon  t h e  p a t e l l a r  r e f l e x  was f i r s t :  i n v e s t i g a t e d  by  
Lombard. He fo und  t h a t  q u i e t i n g  down o f  c e r e b r a l  
a c t i v i t y  te n d e d  t o  d e c r e a s e  th e  k n e e - j e r k .  On th e  
o th e r  hand Lee and K le i tm a n  (1 4 )  o o n o lu d ed  from  
t h e i r  s tu d y  t h a t ,  "The k n e e - j e r k  i s  n o t  a f f e c t e d  
by in s o m n ia ,  b u t  p ro m p tly  d i s a p p e a r s  w i th  th e  o n se t  
o f s l e e p . "
In  1924 T u t t l e  (2 0 )  i n v e s t i g a t e d  th e  e f f e c t  o f 
s l e e p  upon  th e  k n e e - j e r k  and fo u n d  t h a t  a s  th e  su b ­
j e c t  f e l l  a s l e e p  th e  p a t e l l a r  r e f l e x  g r a d u a l l y  de­
c r e a s e d ,  and  f i n a l l y  d i s a p p e a r e d .  HQ o b se rv ed  
t h a t  "Whenever th e  s u b j e c t  was s u f f i c i e ' n t l y  awake 
to  r e a d j u s t  h i s  p o s t u r e  th e  r e f l a x  r e t u r n e d ,  th e  
d e g re e  o f  r e t u r n  d e p e n d in g  upon th e  d e g re e  o f wake­
f u l n e s s .  When th e  s l e e p  was i n t e r f e r e d  w i th  by 
•some e x t e r n a l  c au se  th e  r e f l e x  r e t u r n e d  a t  o n c e" .  
When th e  aw aken ing  was s p o n ta n e o u s  th e  r e f l e x  g ra d ­
u a l l y  r e t u r n e d  t o  n o rm a l .
s
The o u t s t a n d i n g  i n v e s t i g a t i o n  on th e  e f f e c t  
o f  m e n ta l  a c t i v i t y  upon  th e  k n e e - j e r k  i s  t h a t  of 
T u t t l e  ( 1 9 ) ,  a l t h o u g h  B ow ditoh  and  W arren (2 )  were 
th e  f i r s t  t o  a t t e m p t  a s tu d y .  T u t t l e  u s e d  se v en
t a b j e o t s  and d i f f e r e n t  t y p e s  o f  m en ta l ,  work, w h ic h  
i n c l u d e d ,  m e n ta l  a r i th m e tic* ,,  m e n ta l  t e s t s ,  c o n v e r ­
s a t i o n  an d  i n  one e a s e  th e  p ro b lem  was one of 
e l e c t r i c a l  w i r i n g ,  A r e c o r d  waa- o b ta in e d  f o r  each, 
s u b j e c t  d u r in g  p a s s i v e  s t a t e s  o f  a t t e n t i o n  a l t e r ­
n a t e d  by  a c t i v e  s t a t e s ,  T u t t l e  c o n c lu d e d  t h a t ,  
"M en ta l  a c t i v i t y  a s  d e f i n e d  i n  t h i s  p a p e r  i n c r e a s e s  
m u sc le  to n u s  a s  e x h i b i t e d  by th e  k n e e - j e r k . , , . , . , .
I f  m e n ta l  a c t i v i t y  o f th e  p ro b lem  ty pe  a s  u s e d  i n  
t h i s  e x p e r im e n t  i n v o lv e s  th e  p s y c h o l o g i c a l  f a c t o r s  
o f a t t e n t i o n ,  th e n  th e  c o n c l u s i o n  seems j u s t i f i e d  
t h a t  m usc le  to n u s  m easu red  by th e  k n e e - j e r k  i s  
e i t h e r  (a )  one o f th e  f a c t o r s  i n  th e  a t t e n t i v e  p r o ­
c e s s ,  (b )  a f u n c t i o n  o f  th e  a t t e n t i v e  p r o c e s s  or 
( c )  th e  p r o c e s s  o f a t t e n t i o n  i t s e l f " .
The i n v e s t i g a t i o n  o f  B u r t  and T u t t l e  (3 )  on 
th e  e f f e c t  o f  e m o t io n a l  s t a t e s  upon  th e  r e f l e x  i s  
w o r th y  o f  n o t a t i o n .  The. s u b j e c t s  were a s k e d  t o  r e ­
spond  w i t h  an  a s s o c i a t e d  word t o  p l e a s a n t , u n ­
p l e a s a n t ,  and e f f e c t i v e l y  i n d i f f e r e n t  w ords a s  
t h e y  w ere  v i s u a l l y  p r e s e n t e d .  The i n v e s t i g a t o r s  
s t a t e  t h e i r  c o n c l u s i o n s  a s  f o l lo w s :  "T here  i s  a d e ­
p r e s s i o n  o f  t h e  r e f l e x  on t h e  a v e ra g e  f o r  u n p l e a s a n t
11
atiiaalus words amounting to 16$ * .; There- are*. a light'
and l e s a  c o n s i s t e n t  i n d i c a t i o n s  o f  a, s i m i l a r  d e -
\
p r e s s i o n  f o r  p l e a s a n t  s t i m u l u s  w o rd s ,  A l l  th e  u n ­
p l e a s a n t  c a t a g o r i e s  u s e d -w e re  e f f e c t i v e  i n  som®- 
i n s t a n c e s  i n  p ro d u c in g  d e p re ss io n * * *-
I t  i s  o n ly  w i t h i n  v e ry  r e c e n t  y e a r s  t h a t  a  
s a t i s f a c t o r y  t e c h n iq u e  h a s  b e e n  d e v e lo p e d  f o r  th e  
s tu d y  o f  th e  k n e e - j e r k *  W hile i t  i s  g e n e r a l l y  
a g re e d  t h a t  th e  k n e e - j e r k  i s  a  t r u e  r e f l e x ,  t h e r e  
i s  s t i l l  d i f f e r e n c e  o f  o p in io n  as  t o  th e  e x a c t  i n - '  
f l u e n c e  o f  v a r i o u s  p h y s i o l o g i c a l  and m e n ta l  r e a c ­
t io n s ,  u pon  th e  tim e and e x t e n t  o f  th e  r e f l e x .
The p u rp o se  o f  t h i 3  i n v e s t i g a t i o n  i s  to  de­
te rm in e  a s  a c c u r a t e l y  a s  p o s s i b l e  th e  i n f l u e n c e  o f  
m u s c u la r  c o n t r a c t i o n ,  l o s s  o f  s l e e p ,  s l e e p ,  e l e c ­
t r i c a l  s t i m u l a t i o n ,  e x c e s s i v e  sm oking and. h y p n o s is  
up on  th e  tim e  and e x t e n t  o f  th e  p a t e l l a r  ten d o n  , 
r e f l e x *
,APPARATUS AND TECHNIQUE
The a p p a r a t u s  u s e d  i n  m e a su r in g  th e  r e f l e x  
c o n s i s t s  o f  a  h o ld in g  d e v ic e ,  a  s t i m u l a t i n g  d e -  
'v i c e ,  and a r e c o r d i n g  d e v i c e .  The h o l d in g  d e v ic e
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i s  a  s m a l l  b r a c e  f a s t e n e d  t o  ah  a d j u s t a b l e  r o d 9 
w hich  s u p p o r t s  t h e  l e g  i n  a  p e n d a n t  p o s i t i o n  and 
a l l o w s  fox  i n d i v i d u a l  v a r i a t i o n s .
A g r a v i t a t i o n a l  ty p e  o f  s t i m u l u s  hammer was 
c h o se n  i n  p r e f e r e n c e t o  an  e l e c t r i c a l  or s p r i n g  ty p e  
b e ca u se  of i t 3  s i m p l i c i t y  o f  c o n s t r u c t i o n  and  i t s  
u n i f o r m i t y  o f  s t i m u l u s .  'T u t t l e  (17 )  and a number o f 
o th e r  i n v e s t i g a t o r s  have a l s o  found  t h a t  th e  g r a v i ­
t a t i o n a l  ty p e  o f hammer g iv e s  th e  m ost u n i fo r m  s t i m ­
u l u s .
The s t i m u l u s  hammer i s  made f iom  a one h a l f  
i n c h  i r o n  r o d  t h r e e  f e e t  i n  l e n g t h ,  w e ig h in g  7 0 1 .2  
grams and  p iv o te d  from  a s t a n d a r d  ( 1 - a ) .  A s m a l l  
m e ta l  b a r  ( 1 - b )  w elded  t o  a clamp i s  a t t a c h e d  t o  
th e  f r e e  end o f  th e  s w in g in g  r o d .  A p i e c e  o f  
s e m i-h a rd  r u b b e r  i s  p l a c e d  over th e  b a r  t o  p r e v e n t  
b r u i s i n g  o f  th e  f l e s h  when c o n ta c t  i s  made w i th  
th e  k n e e .
The s t i m u l u s  hammer i s  c o n n e c te d  i n  c i r c u i t  
w i t h  a Hipp O hronoscope by  means o f  a n  e l e c t r o ­
m agnet and a m e rc u ry  c o n t a c t .  When th e  hammer 
im p in g e s  th e  knee a s m a l l  sc rew  f a s t e n e d  i n  th e
0©
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r u b b e r  makes c o n t a c t  w i t h  th e  m e t a l  b a r  t c l o s e s  th e  
c i r c u i t  and  s t a r t s  t h e  d o c k  on th e  e h ro n o s e o p e .
A c i r c u i t  b r e a k e r  ( l - c )  i s  a l s o  c o n n e c te d  i n  
c i r c u i t  w i t h t h e  ckc©neecopeo A  s m a l l  s t i r r u p  ( 1 - d )  
s t r a p p e d  t o  t h e  f o o t  h o ld s  th e  c i r c u i t  b r e a k e r  i n  
c o n t a c t  u n t i l  th e  m u sc le  r e a c t i o n  occurs<> The 
s l i g h t e s t  movement of th e  l e g  r e l e a s e s  t h e  s t i r r u p ,  
b r e a k s  th e  c o n t a c t ,  and  s t o p s  th e  h an d s  o f  th e  
c lo ck *  The tim e  o f  r e a c t i o n  i s  o b t a in e d  d i r e c t l y  
from  th e  c h ro n o s c o p e .  A sm a ll  s t e e l  t a p e  f a s t e n e d  
t o  th e  back  of th e  s u b j e c t ' s  c h a i r  m e a su re s  th e  ex ­
t e n t  o f  th e  j e rk *  The end of t h e  t a p e  i s  a t t a c h e d  
t o  th e  s t r a p  w h ich  h o ld s  th e  s t i r r u p *  When th e  r e ­
f l e x  o c c u rs  th e  t a p e  i s  p u l l e d  from  i t s  c o n ta in e r  
and i s  h e ld  i n  p l a c e . b y  a s p r i n g  clamp*
DETEBMINATION 03 THE NORMAL RS3L3X TIME AND THE 
EXTENT 03 THE KNEE-JEHK
The o b j e e t  o f  t h i s  e x p e r im e n t  i s  t o  e s t a b l i s h  
; a  norm; f o r  t h e  t im e  and th e  e x t e n t  o f  th e  p a t e l l a r  
te n d o n  r e f l e x  u n d e r  n o rm a l  c o n d i t i o n s *  A g roup
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Of s e v e n ty  two men from  t h e  g e n e r a l  p s y c h o lo g y  
c l a s s ;  w ere  t e s t e d  f o r  th e  t im e  and e x t e n t  o f  the  
p a t e l l a r  tendon; r e f l e x  o r  k n e e - j e r k . ;  A pp ro x im ate ­
l y .  tw e n ty  m easu rem en ts  t ra e i  made on e a c h  s u b j e e t  
and. t h e  a v e ra g e  o f  t h e s e  t e s t s  w ere  t a k e n  a s  t h e i r  
n o rm a l  tim e  and j e r k .
T a b le  I  p r e s e n t s  th e  d a t a  o b t a in e d  from  th e  
m easu rem en ts  o f  th e  t im e  o f  th e  p a t e l l a r  te n d o n  r e ­
f l e x  t o g e t h e r  w i th  th e  a v e ra g e  and th e  mean v a r i a ­
t i o n  f o r  e a c h  s u b j e c t .  Pro® t h e s e  a v e r a g e s ,  th e  
g ro u p  a v e ra g e  was o b t a i n e d .  T h is  was fo u n d  to  be 
42 s ig m as  -  6  s ig m as  M.Y.
T a b le  I I  p r e s e n t s  s i m i l a r  d a t a  f o r  th e  e x t e n t  
o f  t h e  j e r k  t o g e t h e r  w i t h  th e  a v e ra g e  and mean v a r ­
i a t i o n  f o r  eac h  s u b j e c t .  Prom th e s e  d a ta *  th e  
g ro u p  a v e ra g e  was found  t o  be 5 .2 4  i n c h e s  -  1 .2 3  
i n c h e s  M. V.
A d i s t r i b u t i o n  o f  th e  a v e ra g e s  and mean v a r i a ­
t i o n s  f o r  t h e  s e v e n ty - tw o  s u b j e c t s  a p p e a r s  i n  
t a b l e  I I I .  P a r t  A o f  t a b l e  I I I  shows th e  d i s t r i b u ­
t i o n  o f  t h e s e  a v e r a g e s  and  p a r t  B g i v e s  th e  d i s t r i ­
b u t i o n  o f  t h e  mean v a r i a t i o n s  f o r  th e  r e f l e x  t im e .  
P a r t  C shows th e  d i s t r i b u t i o n  o f  th e  a v e r a g e s  o f
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~ t h e  e x t e n t  o f  th e  j e r k ,  w h i l e  p a r t  D g i v e s  th e  d i s ­
t r i b u t i o n  o f  mean v a r i a t i o n s  o f  e x t e n t .  Thus th e  
i n d i v i d u a l  v a r i a t i o n  i n  th e  r e f l e x '  t im e  f o r  t h e  
^ s e v e n t y - t w o - s u b j e c t s  r a n g e s  from  20 s i g a a s  to  75 
s ig m a s ,  w h i l e  th e  mean v a r i a t i o n s  a r e  d i s t r i b u t e d  
b e tw ee n  2 and 15 s ig m a s .  I n  th e  c a s e  o f  th e  e x t e n t  
o f  the  j e r k ,  th e  r a n g e  i s  from  .6 2  in c h e s  to  14 .75  
i n c h e s ,  w h i l e  th e  mean v a r i a t i o n s  ra n g e  fro m  . 1 0  t o  
3 i n c h e s .
The r e s u l t s  do n o t  show t h a t  th e  e x t e n t  o f  th e  
j e r k  i s  d e p e n d a n t  on th e  tim e  o f  th e  r e f l e x .  The c o r ­
r e l a t i o n  b e tw ee n  th e  tim e  and t h e  e x t e n t  o f  th e  j e r k  
was fo und  to  be .027  P .E .  +  *06 .
1 2
T e s t  ,
1 . 32 60
2 . 56 34
3 . 39 6Q
4 . 50 32
5 . 71 51
6 . 58 51
7. 61 - 52
8 . 56 56
9 . 61 60
1 0 . 64 52'
1 1 . 64 53
1 2 . 8 6 63
13 . 64 56
14 . 71 48
15 . 73 65
1 6 . 6 6 54
1 7 . 62 61 '
18 . 60 70
1 9 . 63 60
2 0 . 52 58
A ve.60 : 51 ;
4 5
69 50
34 45
34 40
96 46
53 43
50 45
64 45
65 47
81 43
72 41
92 42
71 42
59 46
114 45
85 6 6
6 6 50
.76 58
69 42
51 43
48 56
67 47
3
33
38
30
41
40
33
37
24
26
40
35
37
42
40
44
25
48
54
46
43
38
M.V.T8 : ; 1 9 : +15 : +5
*2ime. e x p re s s e d  in  s ig m a s .
TABLE X 
; TIMS pP^KNEB-JERK. 
S u b je c t s
6 7 8 ‘9 1 0
45 45 13 ' 29 24
41 41 38 2 0 33
15 15 26 36 40
44 44 33 37 38
47 47 33 37 35
43 43 26 33 39
52 52 19 37 34
41 41 42 38 39
49 49 43 34 35
45 45 40 44 35
46 46 45 38 38
46 46 43 35 35
57 57 42 41 39
74 74 43 43 34
56 56 44 32 37
71 71 46 34 38
2 0 2 0 45 29 35
87 87 40 37 37
72 72 45 34 34
53 53 42 33 40
: 50 ; 48 : 37 : 35 ; 56 ;
: 1 1 2 : ± & : t e : +4 : t 2
1 2 13 14
47 • 18 •• 43
37 * ' • 17 • 41
42 32 • 36
44 » 29 ■** 42
90 «• 32 •* 36
45 *• 31 •9 , 42
47 9f 31 9t 40
44 : 2 1 9 43
43 t 30 9 41
44 ; 32 40
42 t9 31 * 38
4 5 I 38 t* 39
45 9 33 \ 41
17 9 32 I 50
42 99 33 I .51
36 p• 30 99 44
39 9» 30 | 49
43 9 39 9• 48
41 9 .f 18 •♦ 49
50 ft 43 •• 50
44 •• 29 ♦• 43
+ 6 
t m • £5 •♦ + 4
11
42
27
39
34
39
38
39
24
16
27
47
29
30
16
36
44
35
41
•m
30
*8
15
T e s t
* 6 >. 17
1 . 18 27 32
2* 43 33 61
3 . 40 32 30
4 * 48 35 32
5 . 37 33 28
6o 47 29. 28
7 . 45 32 33
8 . 39 33 31
9 . 40 30 30
1 0 . 47 33 31
U . 35 38 30
1 2 . 40 45 22
1 3 . 42 45 30
1 4 . 42 47 34
1 5 . 39 45 29
1 6 . 27 59 35
17 , 38 47 30
1 8 . 33 54 33
1 9 . 34 60 31
2 0 . 38 50 32
Av.e .39 40 32
LI. V•^5 t 9 ±3
TABLE I  ( COHI*) 
LATA ; TIME OP KNEE~JEB 
S u b je c t s
18 19 20 21 22
46 61 35 36 42
33 47 49 45 49
' 34 49 40 48 44
32 44 27 46 43
31 48 61 38 41
51 43 44 47 62
34 38 41 35 38
44 51 35 61 43
32 45 31 64 52
63 57 30 58 49
44 61 34 74 52
55 60 29 51 56
17 52 40 69 39
70 38 34 42 56
16 41 38 64 54
32 48 29 70 47
19 49 39 55 48
32 46 56 72 43
39 54 61 64 41
30 52 51 59 51
37 49 40 55 47
+10 *5 ±9 :£L0 : ^6
23 24 25
64 53 51
67 62 43
68 59 51
85 49 45
30 66 ! 59
73 73 58
85 82 58
46 95 59
20 71 54
60 51 51
64 67 43
49 66 44
67 78 65
48 76 56
65 76 56
64 93 47
46 81 46
50 100 45
50 85 46
57 79 30
: 58 73 50 :
: t l l :?12 4-5  .
27 28
47 •• 40
52 ♦* 63
4 1 * 49
49 •0 67
48 »• 70
50 79
46 ••• 55
44 •• 45
33 •• 52-
45 •• 48
41 •• 58
56 ♦• 50
52 ♦1 51
58 *« 51
58 •* ■ 45
43 90 51
54 •• 56
58 •• 51
54 »• 21
42 ►» 48
48 t 52
+ 5 •• + 7
H
r#
26
35
29
16
37
51
37
42
43
36
48
38
49
46
50
46
37
46
49
50
44
41
t  7
TA3IS I (CONT.)
DATA : AIMS OW KHSB-JKRK. 
S u b j e c t s
29
A ast
30 31 32 33 34 35 36 37 38 39 40 41 42
1 .  71. 36 52 37 59 40 36 29 39 27 44 33 60 43
2» 57 42 64 37 56 • 38 39 37 37 29 44 33 46 29
3 .  69 5 9 “ 55 46 64 46 47 39 34 49 50 36 44 36
4 .  67 49 47 43 50 37 65 28 44 35 46 44 33 4 6
5 . - 4 0 52 67 34 58 41 49 32 38 57 54 40 46 29
6 .  71 49 59 48 63 41 49 36 49 44 56 36 70 43
7 . 81 52 66 40 63 34 51 35 22 19 51 42 82 42
8 .  67 50 60 45 53 35 53 32 62 72 49 34 65 43
9 .  68 42 63 48 63 46 50 44 20 70 52 37 61 •35
1 0 .  83 48 66 47 66 39 48 41 58 46 51 37 64 63
1 1 .  70 49 65 43 61 27 50 40 42 31 52 46 84 48
1 2 .  66 46 71 39 67 31 48 50 58 58 64 34 76 44
1 3 .  63 49 66 53 67 36 51 53 48 51 51 40 75 48
1 4 .  84 52 66 47 65 • 30 55 48 26 67 49 33 63 50
1 5 .  72 49 47 60 52 37 39 49 47 44 50 38 80 43
1 6 . 90 46 74 47 67 39 49 47 55 27 51 36 50 65
1 7 .  77 50 40 44 60 33 54 46 45 51 43 39 70 67
1 8 .  69 49 67 54 67 33 55 43 36 58 50 25 62 66
1 9 .  68 49 80 49 57 41 71 43 44 58 50 45 61 61
2 0 . 68 39 70 56 56 40 74 38 63 52 43 33 64 45
Ave.70 45 : 62 45 61 37 52 40 43 47 50 37 64 47
M .V .t7 15 t 7 '+5 14 + 4 + 7 i s i  9 t l 2 3 i 4 : t lQ , t lQ
TABLE I  (GOBI'.}
LATA : TIME OP KNEE-JERK 
S u b j e c t s
'43 .44 45 46 47 48 49 50 51 52 53 54 55 56
T es t  
1 .  20 38 22 34 30 32 29 34 29 41 46 39 15 46
E. 16 41 E7 . 41 34 35 29 35 32 39 41 37 33 43
3 ,  16 45 33 30 16 33 60 44 38 29 44 31 19 ’ 46
4. 14 44 35 ■ 43 16 36 62 34 34 37 40 38 31 49
5 .  28 49 31 41 30 40 61 ■57 32 47 46 29 33 . 54
6 . 15 47 46 42 . 31 40 49 70 32 41 64 32 26 49
7 . 16 "4 E ’ 39 46 31 52 23 62 57 36 59 30 25 60
8 .  19 37 15 , 47 24 40 34 64 42 39 47 35 26 ' 49
9 .  EE 30 45 44 .21 38 39 61 39 43 50 . 38 17 60
10 . £9 17 16 42 18 43 64 61 36 59 57 25 17 51
1 1 .  36 36 5E 46 28 43 52 65 47 43 41 29 29 61
IE .  19 ..33 43 50 ;i9 44 75 67 34 37 64 40 17 59
13 . 15 29 53 ' 45 29 41 52 71 42 42 57 31 12 64
1 4 .  17 39 2S 46 17 41 39 65 40 41 62 38 30 a
1 5 . 14 16 74 . 48 31 45 32 56 32 41 51 26 18 63
1 6 . 18 . 60 48 45 20 44 35 67 39 39 48 32 29 61
17. S9 35 55 43 30 47 60 '66 41 59 55 39 J l l 62
18 . 19 £8 53 46 27 43 59 55 41 38 61 36 17 62
1 9 . El • 35 45 42 29 44 52 69 55 58 39 37 28 • 78
EO. £7 .40 24 47 30 45 59 68 41 40 62 44 37 72
Ave.SO 38 38 43 25 39 48 58 35 : 42 51 34 23 57
M .Y.I5 +5 +12 +3» 15 t4 t i l j i o + 6 + 5mm t ? + 4 + 7» M  1 ± 7
*-*
11"
57 58 59 60
DATA
61
TAB13 I ( c o n t . )
: TIMS 03 KK3J3-JERK.
S u b je c t s  
62 63 64 65 66 67 68 69
T e s t  
1 .  33 40 17 34 17 42 51 69 17 54 15 65 19
2 . 19 42 17 39 17 42 46 86 19 44 16 50 32
3 . 31 51 21 45 30 40 37 83 17 53 19 64 20
4 ,  33 62 20 55 19 21 48 53 17 49 20 60 29
5 . 26 46 28 ' 31 29 43 44 78 14 47 23 61 32
6» 25 64 31 40 21 39 48 85 17 29 22 49 27
7 .  26 56 20 38 24 42 58 64 22 39 27 51 16
8 .  17 60 17 38 18 40 . 48 83 22 46 25 45 29
' 9 .  17 69 17 30 18 42 63 79 20 43 25 45 HI
1 0 . 29 46 17 28 23 42 57 84 29 53 19 37 31
1 1 .  17 59 33 33 18 45 66 68 27 40 21 46 • 33
12 . 12 67 23 24 17 45 44 75 23 33 22 66 39
1 3 . 30 59 17 35 44 40 44 79 29 38 20 47 32
14. 17 61 24 44 25 46 57 79 29 31 26 50 20
15 . 29 61 31 38 27 42 66 77 29 44 20 50 18
1 6 . 11 63 £5 49 27 43 46 71 23 47 25 60 29
17 . 17 81 18 33 29 41 47 80 29 47 24 67 30
1 8 . 28 47 22 33 28 47 38 85 29 52 24 54 29
19 . 37 22 34 30 40 63 — 21 42 23 ■—  - 31
20 . 29 --- 16 32 22 41 47 . --- 30 44 25 — 38
AV. 2 4 56 21 36 24 41 50 75 23 43 21 53 28 ;
M.V.17 +8 +4 t s 15 i s 17 t 7 +4 1 5 + 3 + 7mm * + 5 ;
70
16
19
19
31
26
32
28
34
37
19
18
27
24
26
27
18
20
16
32
18
22
16
to
P
! TABLE I  
( c o n t )  DATA
71 72 1 2
T'QSt *
1 . 57 62 5 .4 3 2 .0 0
2. 46 68 4 .5 6 2 .0 0
3 , 46 29 3.37- 3 .3 7
4 . . 47 "56. '4 .6 8 - 2 .1 2
5; 46 34 1 .0 0 2 ,7 5
6. 59 74 <' 2 .00 2 .1 8
7. 38. 42 3 .3 7 2 .7 5
8. 41 . 60 3 .9 3 2 .0 0
9. 54 66 4 .0 6 2 .0 0
1 0 , 45 59 4 .2 7 2 .0 0
I I . 48 30 2 .1 2 ’ 3 . 4 3
1 2 . 45 40 5 .4 3 1 .7 5
1 3 , 40 . 66 4 . 5 0 2 .0 0
1 4 . 43 38 2.42. 2 .0 0
15 . 35 42 2 .4 3 3 .3 7
16 . 46 36 2 .6 2 2 .0 0
1 7 . 40 62 1.25 2. 62
18 . 54 44 3 .3 1 2 .0 0
19 . 40 60 2 .0 7 0 .7 5
20. 54 30 2 .1 5 2 .0 0
Ave. 46 52 i. 3 .15 2 .3 0
M.V.±4 : - 1 3  ; ;  t L .  14 : t o . 4 7  
^ E x te n t  e x i j r e s s e d  in  in c h e s .
TABLE I I  
: EXTENT OF KNEE-JERK.
S u b j e c t s
3 4 5 U ( ti
9 .5 0 6 .8 1 6 .1 8 6 .81 8 .1 8 1 1 .0 0
8 .5 6 5 .4 3 6 .1 8 7 .2 5 6 ,7 5 8 .9 3
9 .5 6 ; 5 .25 6 .18 6 .8 1 6 .7 5 8 ,1 2
7 .56 6 .7 5 6 .87 6 .81 4 .7 5 6 .1 8
1 0 .5 6 3 .37 6 .8 7 7 .25 8 .1 8 8 ,1 8
9 .5 6 8 .2 5 8 .1 8 6 .81 6 .8 7 ' 4 . 7 5
7 .5 0 4 .7 5 7 .5 0 8 .1 8 4 .7 5 6 .8 1
9 .5 0 9 .68 8 .9 3 1 2 .0 0 5 ,4 3 ■ 6 .1 8
8 .8 7  % 4 ,0 0 4 . 0 6 8 .8 7 4 , 7 5 3 .2 5
8 .5 6 1 1 .0 0 6 .81 8 .8 1 6 .1 8 5 . 4 3
6 .68 3 .3 7 8 .1 2 ' 9 .2 5 4 .7 5 6 .87
8 .8 1 6 .1 2 7 .50 6 .87 6.12- 5 .5 0
9 .81 7 .8 7 8 .8 1 6.87 4 . 0 0 8 .2 5
8 .7 5 1 .2 5 7 .50 1 3 .0 0 6 .1 2 ; 6 .87
6 .7 5 4 .0 0 8 .1 2 9 ,5.6 6 . 1 2 6 .18
6 .18 6 .12 8 .8 1 8 .9 3 4 . 7 5 8 .2 5
1 0 .8 7 5 .3 7 8 .1 2 8 .2 5 3 . 3 7 8 .2 5
9 ,8 7 5 .50 6.06 10 .31 6 ,7 5 5 .0 0
8 .8 7 ' 6 .1 2 9 .5 0 7 .5 6 4 . 7 5 6 .9 3
8 ,5 0 6 ,7 5 7 .81 10 .3 1 6 .8 7  , 5 .5 0
9 .1 8 5 .39 7 .4 1 8 .5 2 5 . 8 1 6 ,8 2
-1 .01 ±1 ,9 3 -1 ,0 5 .± 1 .34 ; l l ,10 ± 1 .2 3
TABLE i K c o n t . )  
DATA : EXTENT OP KMEE-JERK. 
S u b j e c t s
9
T e s t
10 11 12 13 14 15 16 17
1. 5 .5 0 1 0 .18 4 ,7 5 4 ,0 6 9 .6 2 7 ,5 0 4 .1 2 8 .1 8 6 .1 8
2. 8 . 8 1 7 ,4 3 7 ,50 4 , 0 6 8 ,9 3 6 .8 7 5 .0 6 7 .00 3 ,3 7
3 . 1 1 .0 6 8 .8 7 8 .1 8 2 .0 0 8 .9 3 6 .8 7 4 .7 5 5 .5 0 5 .5 0
4 . 1 2 .0 6 1 1 .4 3 1 0 ,75 7 ,7 5 8 ,2 5 6 ,1 8 4 .6 8 7 .5 6 5 ,3 7
5 . 1 3 .8 1 1 0 ,3 1 1 0 ,8 1 4 ,0 0 8 .9 3 6 .8 7 4 .0 6 6 ,3 1 5 ,50
6>. 1 5 .9 3 1 0 .2 5 9 .6 2 2 ,75 9 .0 0 6 .18 4 , 8 1 6 .1 8 5*43
7. 1 1 .7 5 1 0 .37 1 0 .3 1 3 .6 2 8 ,9 3 6 .1 8 3 .4 3 2 .6 8 4 .8 1
8 . 1 7 ,8 7 9 .5 6 8 .9 3 4 . 0 6 8 .9 3 6 .87 4 .1 2 4 .1 2 4 .0 6
9 . 1 6 .4 3 6 .2 5 1 1 .0 0 4 ,8 1 8 .9 3 / 8 . 9 3 4 .1 2 2 .68 5 .5 0
1 0 . 1 6 ,2 5 8 .1 8 . 8 , 9 3 4 .0 0 8 ,2 5 7 .5 0 4 . 7 5 3 .4 3 4 ,8 1
11. 1 6 ,4 3 7 .5 0 1 0 .31 4 ,0 6 8 ,2 5 ' 8 .2 5 4 .8 1 4 .8 1 5 .5 0
I E . ’ 1 6 . 1 2 6 ,18 1 1 .00 2 .00 8 ,3 1 6 .1 8 4 .1 2 3 .4 3 4 , 8 1
13. 1 6 ,5 0 3 ,3 7 8 .3 1 4 .0 6 8 .9 3 3 .8 7 3 .4 3 4 .7 5 5 .5 6
14. 1 8 .2 5 6 .6 8 1 0 .3 1 5 .4 3 7 ,5 6 8 .2 5 4 , 1 2 2 .0 6 4 ,8 1
1 5 . 1 9 .1 8 7 ,56 1 1 .0 0 7,37 8 .2 5 3 .3 7 4 .1 2 5 .5 0 3 , 9 3
16 . 1 9 .1 2 7 .56 8 .8 7 7 .00 7 .56 7 .00 4 .8 1 2 ,0 6 5 .5 6
1 7 . 1 7 ,3 1 5 .4 3 1 0 .31 7 .0 0 7 .6 2 6 .1 8 3 ,4 3 4 .8 1 4 .0 0
1 8 . 1 8 .5 6 4 . 0 6 8 .2 5 4 ,1 2 6 ,2 5 6 ,1 8 4 .1 2 2 .7 5 4 .7 5
19. 1 6 .4 3 . 5 .3 1 7 .81 5 .3 1 8 .3 1 6 .18 4 .8 1 1 .3 7 4 . 1 2
20. 1 7 .6 8 4 .6 8 1 0 .3 1 4 ,8 7 8 .2 5 2 .7 5 3 ,4 3 4 . 8 1 4 .8 1
Ave . 1 4 .7 5 7 .5 1 8 .8 6 4 .6 1 8 ,4 0 6 .4 0 4.25- 4 .5 0 4 .9 2
M.V .tSiOO : t l* B 6 ;+1 .38 A . 26 , t 0 . 55 : t l . 0 8 : t O . 44 : f l *59 :±0 .59
ro
TABLE I I  ( c o n t . j  
DATA : EXTENT OF KNEE-JERK 
S u b jec t ' s
T e s t
18' 19 20 21 22 23 24 25 26 27
1 . 2 .0 0 5 .4 3 . 9 .5 0 8 .31 5 .5 6 3 .37 5 .5 0 10 ,18 1 0 .2 5 8 .1 8
S. 1 .3 7 6 .12 10 .1 8 7 .00 4 .7 5 0 .5 6 4 . 0 0 1 2 .2 5 8 . 1 2 6 .7 5
3 . 4 .0 6 5 .4 3 1 3 .0 0 5 .0 0 4 . 0 6 . 0 .5 6 6 .1 2 1 1 ,5 6 9 .0 0 1 0 .6 2
4 . .2.00 4 .1 2 12 .18 6.3L 4 .0 6 1 .3 1 7 . 1 2 11 .50 3 . 3 1 8 .1 8
5 . 0 .68 4 .8 1 5 .1 2 3 .6 2 ■5.43 1 .31 6 .1 2 1 2 .25 11 .06 8 ,9 3
6. 1 .3 7  • 3 .1 8 1 1 .5 0 5 . 1 2 5 .5 0 2 .0 0 5 . 5 0 8 .8 7 1 1 .4 3 8 .2 5
7. 2 .6 0 5.50 1 2 .8 7 5 .1 2 6 .87 0 .5 6 3 . 4 3  ' 1 0 .2 5 10 .12 1 0 ,3 1
8 . 6 .1 8 0 .6 8 10 .18 3 . 0 0 4 .7 5 2 .62 2 ,7 5 1 3 .0 0 11 .62 1 0 .43
9. 0 .4 3 0 ,5 6 1 2 .9 3 2 .8 7 6 .18 1 .3 1 1 .3 7 2 .9 3 1 1 .5 6 12 .37
10.-. 1 .3 7 6 .8 1 10 .18 5 .1 2 6 .8 1 0 .6 2 6 .1 8 7 .5 0 8 . 9 3 1 0 .9 3
1 1 . 0 .2 5 5 .4 3 12 .87 0 .6 2 4 . 1 2 .0,62 6 ,0 6 6 • 62 6 .8 7 13 .06
1 2 . 2 .68 2.68 8 .0 0 4 .8 7 2 . 68 3 .3 7 4 . 0 6 ' 5 .5 0 9 . 6 2  ■1 2 .37
15.. 1 ,0 0 7 .3 1 6 .18 1 .4 3 6 .8 7 1 .3 1 4 . 2 5 11 .00 1 3 .0 6 13 .81
14. 4 .1 8 6 .7 5 8 .0 0 4 .1 2 2 .75 2 .0 0 3 .0 6 6 .6 2 1 1 .6 8 1 5 .1 2
15. 2 .25 4.25. 11 .8 1  , 1 .4  A 6 .18 0 .6 2 3 ,5 0 6 ,8 1 1 2 .3 1 15', 18
16 . 3 .00 2 .18 10 .2 5 1 .7 5 6 .18 1 . 3 1 3 . 1 2 9 ,5 6 1 2 ,2 5 1 4 .4 3
17. 4 .7 5 5.50 6 .1 2  ' 2 .1 2 6 .8 1 2 .68 2 .18 1 1 .6 8 1 0 . i l 1 5 .8 1
18 . ■2.00 4 .50 9 .25 0 .7 5 9 .0 0 0 .6 2 4 .2 5 7 ,50 1 3 ,0 0 15*. 12
1 9 . 2 .00 6 .68 6 ,50 2 ,1 2 4 .1 2 2 ,68 2 ,5 0 1 1 .0 0 1 1 .2 5 1 6 ,3 1
20. 2 .66 3 .3 7 9 .6 2 3 .6 2 ‘ 7 .4 3 0 .6 2 4 .1 8 11 .62 9 .5 6  ' 6 ,1 8
Ave. 2. 66 4 .5 6 9 .8 1 3 .7 1 5 .5 0 1 .5 2 4 .2 1 9 .4 3 1 0 .2 6 11 .62
M. V»+1 .17 :+ 1 .55  - 12 .09 +1.57 t l . 2 8 1 0 .0 2 t l , 7 5 * 2 .3 2 t l . 5 4 . +2.68
DATA :
Tes t
28 29 30 31
1. 2 .0 0 2 .00 2 .0 0 4 .5 6
2. 1 .1 8 3 ,3 7 2 .2 5 2 .00
3 . 3 .1 8 3 .3 1 2 .0 0 1 .9 3
4 . 1 .1 8 4 .0 0 2 .62 1 .3 1
5, 2 .5 6 4 .8 7 2 .0 0 1 .6 2
6, 4 .6 2 3 .3 7 3 .3 7 • 4 .7 5
7. 2 ,62 3.37 2 .0 0 2 .00
a ; 4 , 0 0 2 .0 0 3 .3 7 1 .8 1
9. 3 .31 4 ,7 5 3 .3 7 1 .0 1
10. 1 .9 3  , 2175 3 ,0 0 1 .8 1
11-. 1 .9 3 6 .1 8 3 .3 7 1 , 2 5
1 2 . 4 . 0 0 6 .9 3 2 .0 0 1 .1 8
13. 1 . 2 5 6.12 2 .0 0 2'. 56
14; 5 . 5 0 3 .2 7 2 .87 o
15. 4 , 0 0 4.75- • 3 .0 7 0 .6 2
16 . 1 .9 3 1 .25 2 .0 0 1 .1 2
17 . 4 . 0 0  , 5 .0 0 2 .6 2 0 . 6 2
18 . 2 ,0 0 5 . 4 3 3 .37 0 .8 1
19. ■ 4 .0 0 4 .7 5 3 .4 3 0 .6 2
20. 4 .50 3 .0 0
Ave. 2 .9 1 4 .1 0 2 .7 2 1 .7 4
M .V.+1 .04  : + l , 2 3  ; t 0 . 5 5  :+ 0 .78
ABLE I I  {o o n t .)
EXTENT OP KNEE-JEKX 
S u b j e c t s
32 33 34 35 36 37
6 .7 5 4 .8 1 7 .2 5 2 .5 6 5 .0 6 0 .5 0
8 .2 5 6 .2 5 6 .81 2 ,5 6 5 ,4 2 2 ,0 0
9 .00 4 .8 1 7 .81 3 .2 5 5 ,3 1 2 .6 2
7 ,1 2 4 . 1 2 7 .1 2 0.37, 6 .0 0 4 .0 0
6.68 4 .8 1 8 .7 5 3 , 0 0 6.68 6 .0 6
7 .6 8 2 .7 5 6 .5 0 1 ,7 5 5 ,75 6 .7 5
9 .0 6 5 .50 8 .0 6 2 .18 5 ,4 3 1 .2 5
2 ,37 3 .5 0 7.37 4 . 0 0 5 .3 7 1 .9 3
8 .5 0 4 .8 1 7 .25 3 .68 6 ,0 6 0 .5 6
8 .5 6 2 .0 6 7 .3 1 4 .6 2 6 .7 5 i , 9 3
6 .37 2 .0 6 6 .75 7.37 5.QQ 2.QQ
7 .06 1.37 6 .4 3 5 .93 6 .0 0 4 ,0 0
6.93- 2 ,0 6 7 .25 6, 00 8 .3 7 4 .0 0
4 .8 7 4 .0 6 6.21 4 . 0 0 5 .2 5 1 ,2 5
8 .50 4 . 8 1 8 . 4 3 4 , 6 2 6 ,0 0 1 .9 3
6 ,5 6 2 .06 7 .25 6 .0 0 7 .6 2 5 .4 3
6 .2 5 5 . 5 0 6 .25 8 , 1 2 6 .0 0 1 , 2 5
1 1 .0 6 2 .0 0 7 .31 6 .0 0 5 ,6 2 1 . 2 5
1 0 .6 2 0 . 6 2 7 .75 5 .3 7 7 .0 0 0 , 3 ?
1 0 .3 1 3 .3 7 7 .5 0 3 .9 3 6,00, 0 .5 6
7 .2 2 3 .5 6 7 .25 4 .0 3 6 .0 3  ; 2 .4 8
1+1.57 t l . 3 8 +0.44 •+1.34 +0.62 +1 .40
(
T e s t
38 39 .40
1 . 1 . 9 3 6 .75 7.9.3
2. 1 .31 6 .0 0 7 .0 6
3 . 1 .9 3 6 ,00 6 ,5 0
4 . 1 ,6 2 ■8.12 5 ,1 2
5 . 0 , 5 6 8 .2 5 •5.93
6. 0 . 5 6 6 .00 8 .2 5
7. 1 .2 5 6 ,0 0 5 ,4 3
8 . 0 , 5 6 6 .00 6 .2 5
9 . 1 .2 5 6 .0 0 7 .0 0
10 . 0 , 5 6 4 .7 5 - 7 .9 3
1 1 . 1 ,9 3 6 ,0 0 5 .68
12. 0 . 5 6 4 .7 5 6 .2 5
13. 0 , 5 6 6 .0 0 7 .12
14. 1 .2 5 4 .0 0 7 .0 6
15. 1 .0 0 4 .7 5 7 .1 2
16 . mm _ 4 ,0 0 7 ,4 3
17 . 4 .0 0 7 .9 3  .
18. ■ 4 .0 0 7 .0 0
19. 4 ,0 0 7 .0 6
20. ---------------- 4 .0 0 7 .9 3
Ave. 1 .1 2 5 .4 6 6 .4 0  :
M.V. t o .  47 t l . 1 0 : t 0 . 8 7
41
0 .6 2  
0 .3 ?  
0 ,6 2  
0 .6 2  
0 .6 2  
0 .6 2  
0 .6 2  
0 .6 2  
0 .  62 
0 ,6 2  
0 .1 8  
2 .0 0
1 .3 1  
2.-75 
2.00 
1 *37 
1 .3?  
1 .3 ?  
1 .37
1 .31
0 .9 8  
: 0 , 5 3
TABLE I I  ( c o n t .
TA : El£T3NT OF KN3E-
3 u b j e o t s
42 43 • 44
2 .7 5 4 .8 1 2 .00
3 .6 2 6 .87 i . a
2 .7 5 5 . 5 0 1 .3 7
3 . 3 7 3 ,4 3 1 .37
4 . 1 2 2 .0 6 1 .3 7
6 .1 8 6 .18 1 .3 7
5.50 5 ,5 0 2 .7 5
6 .18 4 .8 1 2 ,0 0
,7.56 3 . 4 3 3 .4 3
6 .87 2 .0 6 2 .75
3 .5 0 0 .6 8 2 .75
9 .6 2 ■ 4 .8 1 2 .75
8 .2 5 5 .50 2 .7 5
7 ,5 6 4 ,8 1 2 .0 0
7 .5 6 6 .1 8 1.3L
9 , 6 2 2 ,75 ' 2 ,00
6 .87 4 . 1 2 6«4 o
6 .8 7 -4 ,12 2 .75
6 .18 4 .1 2 1.37
2 .5 0 2 ,75 ---- -*
5 .37 . 4 . 2 2 : 2 ,15
f l . 9 0 : t l . 4 1 + 0 . 5 4
JI2KK
45 46 4 i
5 . 5 0 5 ,31 3 ,3 7
4 . 1 2 5 .3 ? 3 .3 1
4 .7 5 6 .1 2 8 ,9 3
3 ,4 3 5 ,4 3 7 ,31
3 . 4 3 4 .7 5 3 , 5 6
0 .6 2 5 .5 0 6 .3 7
2 .68 5 ,0 0 9 ,5 6
3 . 4 3 4,75. 7 .6 2
1 .4 3 4 , 0 0 8 . 5 0
2 ,6 8 4 ,0 6 9 .2 5
2 .0 0 4 ,3 7 9 ,7 5
2 .0 0 4 .7 5 9 .1 8
2.68 2 ,0 0 1 5 .2 5
3 .3 7 4 .0 6 1 6 .6 8
2 .00 3 .3 7 16 .43
2 ,00 3 .3 7 1 0 .1 8
3 . 4 3 2.68 1 1 .2 5
1 .3 7 4 .5 6 i o , 9 3
1.31. 3 . 0 0 1 1 ,7 5
2 .75 4 ,2 5 1 1 .7 5
: 2 .7 5 4 ,3 2 9 .3 4
i-4
-
o • 03 tf* , t 0 . 71 :+ 2 .5 2
fo
jai
48 49 50
T e s t '
1 .  6 ,1 8 4 ,1 2 5 ,5 0
i 2 .  6 .1 8 3 .3 1 5 ,5 0
3 .  5 .5 0 2 .0 0 4 .7 5
4 ,  4 ,8 1 2 .7 5 4.-75
5 .  4 .8 1 2 .7 5 3 .3 7
6 .  4 , 8 1 5 .50 3 .3 7
7 .  3 , 4 3 4 . 1 2 3 . 3 7
8 ,  4 , 1 2 4 . 1 2 2 .0 0
9 .  4 ,8 1 4 . 1 2 2 .0 0
10 .  3 . 4 3 0 . 6 2 2 ,7 5
11 ,  4 , 1 2 3 , 4 3 1 .37
1 2 ,  4 . 4 3 0 . 6 2 0 . 6 2
1 3 .  4 ,8 1 3 .50 1 .31
14 .  3 .4 3 4 ,1 2  ' 1 .31
15. 3 .4 3 5 .5 0 1 .5 1
1 6 .  2 .7 5 8 .2 5 2 .0 0
1 7 ,  2 ,0 0 2 .0 0 1 .3 7
1 8 .  2 .7 5 2 .00 1 .3 7
1 9 .  2 .7 5 3 . 4 3 0 .6 2
2 0 .  1 .3 1 0 .6 2 0 .6 2
A y e .3 ,4 9 3 , 3 4 2 .4 6
M.Vrl .91 . '*1.34 ■^1.36
TABLE I I  ( o o n t .)
; EXTENT OF KNEE-JERK 
S u b j e c t s
51 52 53 54 55 56
4 .7 5 2 .75 4 . 0 0 1 .8 7 5 . 5 0 2 ,0 0
7 ,75 7 .5 0 3 ,37 2 .50 4 .5 0 4 ,0 6
4 .6 2 4 .5 0 2 .6 8 3 .0 0 6 ,8 1 4 , 1 2
5 ,3 7 8 .1 8 2 .68 2 .0 0 4 ,5 0 2 ,6 8
5 ,3 1 2 .0 0 0 .6 2 3 . 0 0 8 .2 5 2 ,0 0
6 ,31 2 .0 0 1 ,31 3 . 1 2 9 .1 8 3 ,3 7
4 ,0 0 4 ,1 2 1.31 5 , 1 2 9 .6 2 4 . 1 2
2.31 2 .7 5 2 .0 0 - 4 .1 2 1 0 ,25 4 . 8 1
6 .0 6 4 . 5 0 1 .25 2 .68 1 2 .3 7 3 .0 0
2 .4 3 5 ,50 3 .37 4 .5 6 1 3 .0 6 3 .4 3
7,50 6 .25 2 ,0 0 4 .6 8 14 ,43 1 , 3 1
4 ,0 6 8 .2 5 0 .5 6 2 .0 0 1 0 .2 1 4 .1 2
2 .7 5 7 .2 5 2 .6 2 4 .7 5 1 3 ,0 0 2 .0 6
1 .18 5 .5 0 ■2.00 2 .1 2 1 1 .0 0 2 .0 6
R *1 6 .75 1 .2 5 4 .7 5 1 3 .0 0 3 ,0 0
2 .00 8 .2 5 1 .2 5 1 .31 1 1 ,0 0 2 ,68
2 ,0 0 4 .7 5 4 . 0 0 1 ,6 2 7 .4 3 2 ,0 6
4 .8 7 6 .9 3 0 .6 2 1 .2 5 5^50 2 .00
2 .75 6 ,9 3 6 ,18 2 .7 5 8 . 7 5 2 ,7 5
2 .0 0 7 .00 3 ,50 2 .1 8 1 1 ,1 2 4 . 8 1
: 4 .1 6 5 .5 8 . 2 .3 3 2 .97 9 .4 6 2 . 9 2
? t l , 4 7 : t l . 7 4 :* 1 ,1 4 .± 1 .0 3 1 2 ,6 4 ; t 0 . 8 6
to
o»
57
T es t
58 59
1 . . 4 .50 5 .50 8 .0 0
2. „ 6 .8 1 4 .3 1 8 .0 0
3 . a .  2 5 4 .0 6 . 7 . 5 0
4 . . 8 .1 8 2 .0 0 7 .5 0
5 . . 9 .6 2 4 ,7 5 8 .1 8
6 . ,1 4 .5 0 2 .7 5 8 .0 0
7. 1 0 .2 5 2 ,7 5 8 .1 8
8 . 1 7 .3 7  . 1 .3 1 7 .5 6
9. 1 3 .0 6 0 .6 2 7 ,0 0
10. 1 4 ,4 3 2 .0 0 7 .0 0
11 . 1 0 ,3 1 2 .0 0 .6.25
12. 1 3 ,0 0 0.62. 6 .2 5
13. 1 1 .0 0 1 .3 1 6 .2 5
14 . 1 3 .0 0 2 .0 0 ' 7 .0 0
15. 1 0 .2 5 2 .0 0 5 .50
16. 12,31 1 .3 1 8 .2 5
17. 12 .87 4 .8 1  . 7 .50
18 . 1 2 .3 1 0 . 3 1 7 .5 0
19. 1 0 .2 5 7.3D
20 . 1 3 .25 ------ 8 .1 8
Ave .1 1 , 0 2 2 , 4 2  . 7 .28
M.V , 1 2 , 3 4 : t l . 2 9 tD .64
TABLE I I  ( c o n t , )
DATA : EXTENT OP KNEE-JERK 
S u b j e c t s
60 61 62 63 64 65
4 ,0 0 6 .31 2 .0 0
4 .7 5 5 .6 2 2 .0 0
3 .37 6.31 2 .0 0
2 .0 0 6 .3 1 2 .0 0
6 .8 1 6 .31 2 ,0 0
5 .5 0 5 .6 2 4 . 0 0
8 .2 5 4 .9 3 4 .0 0
8 .2 5 5 .6 2 • 3 .37
7 .5 0 5 ,6 2 3 .37
8 .8 7 5 . 6 2 2 .6 8
8 ,9 3 6 .3 1 2 .68
6 .8 7 6 .9 3 1 .3 1
8 .2 5 5 .6 2 1 .3 1
9 .6 2 3 .5 0 1 .3 1
8 .1 8 4 .9 3 1 .3 1
9 .56 5 .6 2 0 . 6 2
7 .50 4 .9 3 ,2.68
7 . 5 0 4 .9 3 0 .6 2
1 0 .2 5 5 .0 0 4 .1 2
1 1 .0 0 8 . 5 0 3 .37
7 ,3 4 5.4-4 2.34,
£1.83 +0.73 +0.96
0 .5 0 . 1 . 0 0 8 .25
1 .2 5 1 . 1 2 8 .2 5
3 .31 0 . 5 0 8 .2 5
1 .25 1 .2 5 7 .5 0
1 .2 5 1 . 4 3 8 .2 5
1 .2 5 1 ,4 3 8 .2 5
3 . 3 1 1 .1 2 8 .2 5
2 .0 0 0 .4 3 8 .2 5
0 . 5 6 0 .2 5 7 . 5 0
0 .5 6 0 .3 1 7 .50
1 .2 5 0 ,2 5 7 .50
0 .5 0 0 .2 5 8 .2 5
2 .0 0 0 .6 8 8 .2 5
2 ,6 2 0 .3 1 7 ,5 0
0 .6 8 0 .5 0 8 .2 5
2 .0 0 0 .1 8 7 .50
1 .2 5 0 . 5 0 9 .0 0
0 .56 . 1 .0 0 5 .5 0
0 .5 6 7 ,5 0
0 . 5 6 -------- 9 ,0 0
1 .3 7 0 .6 2 7 .5 7
: t O . 71 :£Q.34 £ 0 ,6 1
to
.~3
T e s t
66 67
2 .6 2 5 .3 1
2. 2 .68 4 .7 5
3 « 6 .75 5 . 4 3
4 . 6 .12 4 .0 6
5 o 2 .0 0 4 . 0 6
6, 6 .8 7 4 .7 5
7. 6 .87 2 .6 8
8 . 5 .50 5 .4 3
9 , 4 .8 1 6 ,06
10. 6 .18 6 .12
11 . 6 .18 6 .1 2
12. 4 .7 5 6 .4 3
13. 4 .8 1 4 . 0 6
14, 3 ,37 O () rA ^  • J
15. 4 .8 7 6.12
16. 5 .50 5 .4 3
17, 6 .18 6,12
18. 6 .18 6 .8 1
I S . 6 .18 5.43
20 . 2 .0 0 6 .1 2
Ave. 5 .0 2 5.20
M . V . t l . 3 2  : t0 . '9 2
TABLE I I  ( c o n t . )
ATA : EXIEIT OP KKEE-JEKK
S u b je c t s .
68 69 70 71 72
3 . 9 3 1 1 .75 4 . 0 6 8 .2 5 2 ,2 5
3 .1 8 11 .75 2 .0 0 8 .7 5 5 , 0 0
4 .0 0 1 0 .3 1 4 .0 6 8 .5 0 0 , 6 2
1 .9 3 1 2 .37 4 . 0 6 8 .43 0 .2 5
2 .1 2 1 0 .3 1 0 .7 5 8 .2 5 4 , 0 0
3 .0 0 1 1 ,0 0 2 .75 4 . 0 6 0 . 6 2
5.50 1 1 .2 5 2 .7 5 6 .81 2 .2 5
3 . 5 6 11 .50 0 . 7 5 6.87 1 ,00
4 .2 5 1 0 .25 0 .7 5 8 .2 5 2 .2 5
4 .1 8 1 1 .6 2 3 .4 0 7 ,56 1 .00
2 .1 2 1 1 .0 0 4 . 0 6 7 .50 1 .00
4 .3 1 10 .62 4 . 0 6 8 ,2 5 0 ,5 0
4 .4 3 9 .6 2 2 ,0 0 8 .75 2 , 6 2
2 .0 0 9 .0 0 1 .0 6 6.87 0 .8 7
4 .4 3 9 .0 0 2 ,0 0 7 .50 0 ,3 7
3 .2 5 9 .0 0 . 4 .0 6 8 .1 8 1.12
1 .0 0 7 .6 2 0 .7 5 7.62 1 ,4 7
1 .0 0 7 .6 2 2.43 7 .6 2 0 ,5 4
8 .7 5 3 .25 4 .8 1 2 .62
9 .0 0 2 .0 0 6 .1 8 1 .8 7
3 .2 3 .1 0 .1 6 2 .5 5 7 .45 1 .6 1
or-*•o : 1 1 .1 6 t l . 1 3 : t 0 . 8 6 • t l . 0 4
TA3L3 I I I  
DISTRIBUTIONS OS’ IND. AV3. AND M. V.
A.; B.
I n d . a v e ,  o f t im e : I n d . M.V. of’ t im e
Timer F . II. V. F .
20 - 24 8 -2 1
25 - 29 4 i3 5
30 - 34 3 +4 9
35 - 39 13 t5 18 to
40 - 44 12 t6 6
45 - 49 10 *7 13
50 - 54 8 68 4
55 - 59 6 t9 ■ 4
60 - 64 4 £LQ 5
65 - 69 1 *11 2
70 - 74 2 ¥L2 4
75 - 79 1 tL3 0
*14 0
115 1
0. D.
id .  ave! . <o f  e x t e n t .  ; I n d .  U:.-v. o f e x t e n t
E x te n t ; o f  j e r k F . LI. V. F.-
0 .0 0 .99 2
1 .0 0 _ 1 .99 4
. 2 .00 - 2 .99 14 t o .  0 0 -  .49 6
' 3 . 0 0 — 3 .9 9 6 + 0 . 5 0 -  .99 19 j.
4 .0 0 4 .9 9 11 1 1 .00 *- 1 .49 20
5 .0 0 — 5 .9 9 i o +1.50 -  1 .99 12
6 • 00 6.99 4 t 2 .00 -  2 .49 3
7 .0 0 7.99 8 +2.50 -  2 .9 9 3
6 .0 0 — .8 .9 9 3 13.00 -  3 .49 1
9 .0 0 9 .99 5
1 0 .0 0 -  10 .99  - 2
1 1 .0 0 -  1 1 .9 9 2
1 2 .0 0 -  1 2 .99 0
1 3 .0 0 -  1 3 .9 8 0
1 4 .0 0 -  14 .99 1
30,
EXEBRIMEBT’ IX 
THE EEPECT OB MUSCULAR TENSION 01 THE OEE-JERK
Twelve s u b j e c t s  were  a sk e d  t o  g r i p  t h e  
dynamometer w i t h  a s  much f o r c e  a s  p o s s i b l e .  Syn­
c h ro n o u s  w i t h  t h e  g r i p p i n g  t h e  hammer was d ropped  
and t h e  k n e e - j e r k  was measured, ,  Each  s u b j e c t  was 
g i v e n  tw e n ty  t e s t s  f rom  w h ich  t h e i r  a v e r a g e  r e ­
f l e x  t im e  and e x t e n t  o f  t h e  j e r k  were o b t a i n e d .
T a b le  17 p r e s e n t s  t h e  d a t a  o b t a i n e d  f ro m  t h e  
m easu rem en ts  o f  th e  r e f l e x  t im e  w h i l e  g r i p p i n g  
t h e  dynamometer t o g e t h e r  w i t h  t h e  a v e r a g e s  and 
mean v a r i a t i o n s  f o r  e a c h  s u b j e c t .
T a b le  V p r e s e n t s  t h e  d a t a  o b t a i n e d  f rom  t h e  
e x t e n t  o f  t h e  j e r k ,  a l s o  t h e  a v e r a g e s  and mean 
v a r i a t i o n s .
A c o m p a r is o n  o f  t h e  r e s u l t s  o b t a i n e d  w h i l e  
g r i p p i n g  t h e  dynamometer and t h e  s u b j e c t s  no rm al  
r e f l e x ;  t im e  and e x t e n t  a p p e a r  i n  t a b l e  V I .  The 
f i r s t  co lumn shows t h e  s u b j e c t ’ s no rm al  r e f l e x  
t i m e ,  w h i l e  column 2’ g i v e s  t h e  r e f l e x  t im e  w h i l e  
g r i p p i n g .  Column 3 p r e s e n t s  th e  d i f f e r e n c e s  b e ­
tween  t h e  n o rm al  r e f l e x  t im e  and t h e  t im e  w h i l e
TABLE I T
TIME 01* THE KNEE-JERK WHILE SHIPPING THE' DYNAMOMETER
S u b j e c t s
1 2 4  12.  15 19
Teafc;
1. 15̂ •e 30 22 ’ 3 . 9f ' vlfw *i f as.*
2. 18 •• 29 17 39 29 •• 18
3o 25 •• 31 10 37 13 •• 17
4. 29 • 20 32 43 25 •• 10
5. 27 •• 41 28 45 17 •• 28
6. 22 ♦• 40 31 35 18 •• 22
7. 28 •• 26 35 42 13 «• 27
8. 25 •• 32 34 42 16 ♦• 20
9. 18 •• 33 37 39 24 • 21
10. 26 •• 44 33 31 28 •• 26
11. 18 *• 33 36 36 29 •• 21
12. 25 •• 31 45 41 16 •*• 17
13. 25 •• 48 36 41 16 0 28
14. 20 «• 43 37 46 16 •• 28
15. 18 •« 37 39 45 28 » - • 24
16. 17, • 43 31 45 17 • 28
17. 18 •• 29 31 41 21 t* 17
18. 16 •• 37 42 42 18 •• 19
19. 26 •• 32 42 18 •• 22
20. 23 •• ------- 43 43 23 • 18
Ave. 20 e-• 35 32 40 20 t• 21
MoV. t 4 •• 1 6 : 16 £3 ±5 »• £4
g r i p p i n g .  The e x t e n t  o f  t h e  n o rm al  j e r k  a p p e a r s  i n  
coltuan 4 ,  w h i l e  t h e  e x t e n t  o f  th e  j e r k  d u r i n g  t h e  
g r i p p i n g  i a  p r e s e n t e d  i n  column 5 .  The d i f f e r e n c e s  
b e tw e e n  the; normal,  e x t e n t  o f  t h e  j e r k  and th e  j e r k  
d u r i n g  g r i p p i n g  a p p e a r  i n  co lumn 6 .
The a v e r a g e  n o rm a l  p a t e l l a r  t e n d o n  r e f l e x  t im e
f o r .  t h e  tw e lv e  s u b j e c t s  was fou n d  to  be 5 0 .7  s igm as
TABLE 11 (Cont.)
TIME Off THE KBBE-JERK: WHILE GRIPPING THE DYNAMOMETER 
S u b j e c t s .
34 46 51 53 63 64
Test-
la 06 l- 16 *• 18 •• 40 *• 2% : 38
2. 16 •• 16 ♦• 18 • 23 •• 26 : 46
3. 36 ♦ 11 •• 18 •• 34 •• 47 : 46
4 . 19 *• 16 ** 17 • 25 « 30 : 40
5. 31 *• 28 •• 18 •• 38 •• 23 : 42
6. 21 •» 17 «• 17 •m 15 • 31 : 33
7. 22 *• 17 • 24 m 21 •• 31 : 39
8. 28 *• 25 *• 21 •• 17 •• 27 : 40
9. 28 •• 28 •• 22 •• 38 *• 45 : 42
10. 28 •• 27 •• 20 • 27 • 30 : 44
11. 14 •# 15 •• 23 •• 43 »• 31 : 33
12. 24 •* 17 •• 21 »* 22 *• 30 : 47
13. 18 •• 13 •• 22 • 32 •• 45 : 38
14. 18 •• 25 •• 25 *• 23 •' • 51 : 42
15. 15 » • . 17 •• 23 *» 25 •• 45 : 40
16. 17 • 23 •• 23 •• 25 • 33 : 45
17. 18 *• 17 22 • 21 *• 44 : 44
18. 20 •• 25 •• 25 •• 21 »• 45 ; 44
19. 28 •» 17 %» 21 •• 27 •» 41 : 40
20. - - #- 18 •*• 24 • 19 • 34 : 43
Ave. 21 *• 19 • 21 26 35 : 41
M .V . !  6 «* 1 4 * 1 2 *• t 6 1 7 : t3
8 s ig m as  . M .7 .  t w h i l e  g r i p p i n g  t h e  dynamometer i t
was 2 7 .6  s ig m as  + 5 s ig m as  M.Y. o r  a  r e d u c t i o n  o f
t h a t
2 3 .1  s ig m as  +-8 s i g m a s .  T h i s  e x p e r i m e n t  shows^when 
m u s c u la r  a t t r a c t i o n  a cco m p an ie s  t h e  k n e e - j e r k  t h e  
t im e  i s  r e d u c e d  25$ .
The a v e r a g e  n o rm a l  j e r k  was 3.69.  i n c h e s  *  .58  
i n c h e s  M .V . , t h e  dynamometer i t  was
TABLE Y
axTEmr ow  Tira qtb~s-  j a ia r  - m  lb .
"SEXEEUTGr THB Jg H A M Q K m B r 
S u b j e c t s ^
1 2 4 1 2 15 19
T es t .
1 . 6 .  0 0 : 5.50. «• 6 .3 7 • 6 .0 6 •• 3 .25 . : 8 . 1 8
2 . 6.06. i 4 .7 5 • • 7 .4 3 • 6 . 8 7 •• 5 .6 2 : 8 . 1 2
3 . 6 .0 5 : 2 .7 5 •*• 6 .0 0 •• 6 .1 8 • • • 2 .68 ; : 6 . 1 2
4 . 7 .3 7 : 6 .7 5 • 8 . 0 0 •• 6 ,0 6 •0 5 .1 2 : 5 .3 1
5 . 8 .75- : 2 .7 5 •• 6 .0 6 •• 4 .7 5 00 4 . 7 5 : 5 .3 1
6 . 1 1 .6 0 : : 9 .5 6 •• 6 .81 •• 8 , 1 8 00 4 .4 3 : 5 .7 5
7 . 7 .50 : 3 .0 0 •• 7 .37 • 9 .06 . 9« 4 .0 0 : 5 . 7 5
8 . 1 1 .5 6 : 9 .0 0 •« 6 .0 0 •• 7 .5 0 •• 6 .7 5 : 6 .7 5
9 . 9 .5 6 : 9 .0 0 •0 8 . 0 6 •• 6 .6 8 •• 4 .0 0 : 8 . 0 0
1 0 . 1 0 .2 5 : 8 . 2 5 0 ’ 5 . 3 1 •0 7 .4 3 • •  • 8 . 7 5 : 7 .4 3
11 . •11.62. : 1 2 .2 5 • a.oo 90 6 .7 5 •0 5 .0 0 ; 6 .6 2
12 . 13 .  OQ : 1 0 .2 5 • 5 . 3 7 •• 6 .8 1 9• 7 .3 7 : 8 . 8 7
1 3 . 1 2 .8 1 : 1 2 .2 5 •• 7 .3 1 •• 6 .7 5 •9 5.50. : 6 .2 5
1 4 . •9 .6 2 : 1 4 . 3 7 *0- 6 .0 6 * 8 . 1 8 90. 4 .7 5 : 7 .3 7
1 5 . 1 1 .0 0 : 1 2 .2 5 9 3 .3 1 . • " • 8 . 3 1 00 4 .7 5 : 9 .5 0
1 6 . 1 0 .2 5 : 1 4 .3 7 • 6 .0 0 •0 6 . 3 7 99 4 . 3 7 : 9 .0 0
1 7 . 9 . 6 2 : 12225.. • 6 .7 5 00 6 .8 1 90 4 .3 7 : 9 .5 0
1 8 . 8 . 2 5 : 1 2 .0 0 •• 6 .0 0 00 4 . 2 5 00 3 .3 7 : 9 .2 5
1 9 . 7.50; * — •• 4 .5 0 00 7 .3 1 0» 7 .3 7 : 9 .1 8
2 0 . -------- — *— 4 .6 8 0 4 .8 7 0 5 .3 7 : 1 1 . 4 3
Ave .  9 .4 7 : 8 . 9 6 •• 6 .4 7 «• 6 .7 9 9• 5 .0 8 : 7 .3 3
M.Y . t l .7 4 : t 3 . 1 1 •♦ +1.02 • +0.88 • t l  .07 1 + 1 .3?
6 .7 1  i n c h e s  j r  .68 i n c h e s  M. Y. o r  an  i n c r e a s e  o f  
3 .0 2  i n c h e s  +- .99  M, Y. The e x t e n t  o f  t h e  j e r h  
when accom pan ied  by  m u s c u la r  t e n s i o n  was i n c r e a s e d  
91% i n  t h i s  e x p e r i m e n t .
3 4
TABLE, Y (Cont*) 
EXTENT- OF THE: OEE-JEHK WHILE 
CHIPPING* THE- LYNAMOMETEB 
S u b je c t®
34 461 51 53 63 64
Tect
1* 7.31 ; 4.00 •• 7.43 *• 4.75 •• 3.37 • 4.75
2. 8.12 s 4.00 •• 7.50 m 3.37 •• 3.37 * 2.75
3* 8.81 : 6.12 • 8.18 «■• 4.75 •• 2.00 0 5.50
4. 8*12 : 4.87 •• 8.13 *4» 3*62 •» 2.00 00 6.81
5. 7.43 : 4.00 I 8.18 W9 4.37 • 4.00 0*• 5.50
6 * 8.93 ; 5.37 - •  • 8.25 9• 4,00 •• 2.62 •0 5.50
7. 6.75 : 7.50 • 8.31 •m 4.62 • 2.00 «• 6.18
8* 12.25 i 7.87 »• 7.93 m9 4.62 •• 1.31 •• 4.81
9. 14.37 ; 7.56 •• 7.06 0 6.00 *9 3.31 •• 4.81
10. 10.93 : 8.00 •• 8.25 •• 1.31 99 3.31 •0 4.81
11* 11.43 ; 6.56 •» 7.06 •• 3.37 99 3.37 00 4.68
12. 14.37 : 7.37 • 7.62 •» 4.75 09 4.00 0 4.75
13. 14.43 ; 7.12 •• 6.81 •• 4.60 •9 3.37 0* 5.50
14. 11.56 : 7.62 •• 7.56 •• 4.00 0 3,37 0 6.18
15. 14.25 : 6.75 •• 8.81 •9 6.00 •• 4.00 0• 6.43
16. 10.93 : 9.37 •• 8.06 •« 6.00 •• 2.68 0 4.06
17. 10.93 : 8.87 »• 7.62 •• 4.00 •• 3.43 99 4.06
18. 1 0 . 2 6 : 6.87 •• 7.56 •• 4.62 I 2.00 9 4.81
19. 11.00 : 10.06 •• 6.31 • 1 4.75 • 2 . 0 0 00 6.81
2 0 . - ------- :10.12 • 8.43 *• 4 . 6 2 *• 3.37 m 4.81
Ave .10.64 : 7.02 •• 7.26 •» 4 ,40 ■• 2.76 09 5.18
LI. V *00.20 : 41.31 * ±0.67 • t O . 72 : t O .  73 . + o . CD
TABLE VI
THE EFFECT OF MUSCULAR- TENSION ON THE TIME AND EXTENT OF THE KNEE-JERK
1 . . 2 . ,3. 4 . 5 . 6 .
Sub j . PATELLAR R e f l e x D i f f . EXTENT EXTENT of D i f f ,
REFLEX TIME between of JERK While b etw een
TIME'- WHILE
GRIPPING
( 1 ) & (3) JERK GRIPPING. (4)  & (!
1 . 60 21 39 3 .1 5 9 .4 7 6 , 3 2
2 . 51 35 16 2 .3 0 8 . 9 6 6 . 6 5
4 . 67 31 36 5 .3 9 6 .4 7 1 . 0 8
1 2 . 54 40 14 4 . 6 1 6 . 0 4 1 . 4 3
15 . 39 20 19 4 . 2 5 5 . 0 8 0 . 8 3
1 9 . 49 21 28 4 . 5 6 7 . 3 3 • 2 , 7 6
3 4 . 37 21 16 7 . 2 5 1 0 . 6 4 3 , 3 9
4 6 . 43 19 24 4 . 3 2 7 . 0 0 2 .6 7
51 . 35 21 11 4 . 1 6 7 . 2 6 3 . 0 9
5 3 . 51 26 25 2 . 3 3 4 . 4 0 2 . 0 7
63 . 50 35 15 1 .3 7 2 . 7 6 1 . 3 9
64 . 75 41 34 0 . 6 2 5 . 1 8 4 . 5 6
AVE. 5 0 .7 2 7 . 6 2 3 .1 3 . 6 9 6 . 7 1 3 , 0 2
M. V • t  8 t 5 i  8 t  .58 t .  68 + .99
ig
-'
l
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EXPERIMENT I I I  
THE EFFECT OF LOSS OF SLEEP ON THE KNEE-JERK
E l e v e n  s u b j e c t s  w ere  t e s t e d  a f t e r  t w e n ty  f o u r  
h ours  w i t h o u t  s l e e p .  The f i r s t  f i f t e e n  t o  e i g h t e e n  
h ours  were s p e n t  i n  th e  perform ance  o f  t h e i r  d a i l y  
t a s k s .  D ur ing  the l a s t  p a r t  o f  the p e r i o d ,  from  
t w e l v e  o ' c l o c k  t o  e i g h t  A.. M. t h e y  were e n t e r t a i n ­
ed i n  t h e  home o f  t h e  w r i t e r *  The m easurements  
were ta k e n  s h o u t  n i n e  A. M. im m e d ia te ly  f o l l o w i n g  
th e  s l e e p l e s s  p e r i o d ,  th e  a v e r a g e s  o f  t h e  r e f l e x  
t im e  and t h e  e x t e n t ' o f  th e  j e r k  were o b t a i n e d  f o r  
each  s u b j e c t .
Table  VII  p r e s e n t s  th e  d a ta  o b t a i n e d  from  
t h e  measurements  o f  th e  r e f l e x  t ime im m e d ia t e ly  
f o l l o w i n g  t h e  s l e e p l e s s  p e r i o d .  The a v e r a g e s  .and 
mean v a r i a t i o n s  a re  a l s o  g i v e n  f o r  each  s u b j e c t .
Table  V I I I  g i v e s  th e  measurements  f o r  t h e  
e x t e n t  o f  t h e  j e r k  t o g e t h e r  -with t h e  a v e r a g e s  and  
mean v a r i a t i o n s .
Table  IX shows th e  e f f e c t  o f  l o s s  o f  s l e e p
/
on. t h e  k n e e - j e r k .  The f i r s t  column g i v e s  th e  a v e r ­
age  normal j e r k  w h i l e  column Z g i v e s  the  t im e  a f t e r
TABLE Y II  
THE; EFFECT OF LOSS OF SLEEP 01 THE 
PATELLAR T3HD0K REFLEX
IBDIYIDUAL-MEASURBHSKTS OF THIS 
S u b j e c t s
1
T e s t
3 19 29 31 33
1 . 28 . 33 35 41 35 44
2 . 27 41 17 39 39 45
3 . 19 40 38 40 41 54
4 . 27 36 42 41 45 56
5. 40 40 36 41 42 54
6 . 24 38 37 40 47 61
7. 21 34 49 48 64 65
8 . 27 32 35 42 46 ' 69
9 . 25 43 35 42 57. 45
1 0 . 21 30 29 ■ 39 43 43
1 1 . 25 16 36 36 60 84
1 2 . 41- 30 36 42 46 51
1 3 . 27 53 27 41 63 61
1 4 . 21 36 34 44 65 63
1 5 . 23 33 39 34 62 35
16 . 22 35 33 29 59 43
17 . 22 35 . 40 39 44 59
1 8 . 23 36 11 35 42 64
1 9 . 20 43 31 31 53 65
SO. 20 35 38 41 51 77
Ave. 25 35 34 39 51. 57
M*V. + 4 £4 ± 5  t  £3  : £ 9 ±10
l o s s ,  o f  s l e a p .  The t h i r d  column p r e s e n t s  t h e  d i f - i  
f e r e n c e s  b e tw e en  t h e  normal r e f l e x  t im e and the  
r e f l e x  t im e  f o l l o w i n g  l o s s  o f  s l e e p .  The a v e r a g e  
normal e x t e n t  o f  t h e  . j e r k  f o r  each s u b j e c t  a p p e a r s
i n :column 4 ,  w h i l e  column 5 shows th e  e x t e n t  o f
TABLE: V II '  ( C o a t . )
THE EFFECT OF LOSS OF SLEEP OH. THE 
PATELLAE. T BHD OH REFLEX
INDIVIDUAL MEASUREMENTS OF .'TIME 
S u b j e c t s
34
T e s t
41 44 64 68
1 . 24 43 40 64 37
2 . 17 59 35 32 42
3 . 32 43 38 78 39
4 . 09 45 41 77 40
5 . 16 64 39 59 39
6 . 15 35 40 62 51
7. 31 61 36 63 48
8 . 23 40 37 62 46
9. 27 30 33 52 42
1 0 . 18 45 41 41 39.
1 1 . 30 61 34 57 42
1 2 . 30 63 34 67 38
13 . 38 42 30 69 40
14 . 18 62 36 50 41
15 . 33 44 38 51 43
1 6 . 38 58 39 60 37
17 . 43 93 37 62 41
18 . 36 58. 31 43 40
1 9 . 33 _ - 36 53 41
2 0 . 27 43 77 41
A v e . 27 ^2 37 59 41
► ‘.T
f
• < ft co l l 2 + 3 t 9 t 2
t h e  j e r k  f o l l o w i n g  t h e  l o s s  o f  s l e e p .  The- d i f - -  
f e r e n c e s  between, th e  a v e r a g e  normal j e r k  and, t h e
j e r k  a f t e r  l o s s  o f  s l e e p  appear  in  column 6 .
The a v e r a g e  normal t im e  o f  th e  group ob­
t a i n e d  from, column 1 was 5 4 . 2  s igm as  i" 7
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TABLB V I I I
TH3 EFFECT OP LOSS OP SLEEP ON THE 
PATELLAR TENDON REFLEX
INDIVIDUAL MEASUREMENTS OP EXTENT OP JERK
S u b j e c t s
2
T e s t
3 19 29 31 33
1 . 2 .6 2 8 . 2 5  ■ 6 . 9 3 2 . 0 0 4 . 6 8 4 . 0 6
2 . 7 . 5 2 9 . 6 2 5 . 0 0 4 . 0 6 4 . 0 6 6 . 1 8
3 . 4 . 0 6 ' 8 . 2 5 3 . 7 5 2 . 6 2 4 . 6 2 2 . 0 6
4 . 4 . 0 6 9 . 0 0 7 . 0 6 5 . 5 0 4 . 0 6 4 . 6 8
5 . 4 . 6 2 9 . 6 2 6 . 2 5 3 . 3 7 4 . 0 6 1 .3 1
6 . 2 .6 8 7 . 5 6 5 . 7 5 3 . 3 7 2 . 0 0 4 . 1 2
7 . 5 .5 0 9 . 5 6 5 . 7 5 6 . 2 5 2 .0 0 7 . 0 0
8 . 2 .6 2 9 . 6 2 3 . 7 5 5 . 3 7 2 . 0 0 5 . 5 0
9 . ' 4 . 6 8 8 . 3 5 3 . 0 0 2 . 0 0 2 . 6 2 6 . 1 8
1 0 . 4 . 6 2 .9 .37 4 . 9 3 3 . 3 7 2 . 6 2 2 . 0 6
1 1 . 4 . 6 8 8 . 2 5 6 . 9 3 5 .5 0 0 . 6 2 1 . 3 7
1 2 . 2 .0 6 1 0 . 2 5 4 . 3 1 7 . 0 0 2 .0 0 4 . 6 8
1 3 . 4 . 6 2 1 0 . 3 1 3 . 6 2 2 . 0 6 1 . 3 7 4 . 1 2
1 4 . 4 . 0 6 1 0 . 3 1 3 . 5 0 2 .0 0 1 . 3 1 2 . 2 5
1 5 . 6 . 1 2 1 1 .0 0 5 . 3 7 2 . 0 0 2 .0 0 7 . 0 0
1 6 . 4 . 1 2 1 1 . 0 0 6 .0 0 6 . 25 1 . 3 1 ■ 6 . 1 8
1 7 . 4 . 0 6 1 0 . 3 1 7 . 6 2 2 .6 8 2*62 4 . 6 8
1 8 . 5 . 5 0 1 1 . 6 2 4 . 2 5 6 .2 5 3 . 3 7 7 . 5 0
1 9 . 4 . 0 6 1 1 . 6 2 3 . 5 0 7 . 5 0 2 . 0 0 6 . 6 8
2 0 . 3 . 3 7 1 0 . 2 5 4 . 2 5 5 . 5 0 2 .0 6 5 .5 0
Ave . 4 . 0 8 1 0 . 2 0 5 . 0 8 4 . 2 3 2 . 5 7 4 , 7 1
M.V . t o . 92 t o .  83 t l  .1 9 t l . 70 tO. 95 : t l . 5 4
s ig m a s  M.V., A f t e r  th e  l o s s  o f  s l e e p  i t  was 4 1 . 1  
s ig m a s  -  6. s igm as  M.V.- or  a d e o r e e s e  o f  13 s igm as  
t  7 s ig m a s  M.V, This- ex p er im en t  shows t h a t  t h e  
k n e e - j e r k  i s  . sp eed ed  up 3 0 $ - a f t e r  t w e n ty  f o u r  h o u rs
w i t h o u t  s l e e p .  •  «*•
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TABLE ¥111  (GOUT.)
THE EFFECT OF LOSS OF SLEEP OH THE 
PATELLAR TENDOH-REFLEX'
INDIVIDUAL MEASUREMENTS OF EXTENT OF JERX 
S u b j e c t s
34
T es t
41 44 64 68
1 . 4 . 4 3 3 . 5 0 4 . 0 6 0 . 5 0 7 . 5 6
2 . 8 . 1 8 2 . 0 6 2 .6 8 0 . 5 6 6 . 1 8
3 . 7 . 0 0 4 . 0 6 2 . 6 8 0 . 6 8 7 . 5 0
4 • 9 • 65 3 . 3 7 4 . 0 6 0 . 6 2 ' 6 .2 5
5 . 7 . 5 0 1 . 3 1 4 . 0 6 0 . 5 0 7 . 5 0
6 . 8 . 2 5 1 .3 1 4 . 0 6 0 . 1 8 4 . 6 2
7 . 8 . 9 3 5 . 5 0 2 . 5 6 1 . 2 5 5 . 2 5
a . 8 . 2 5 1 . 3 7 4 . 0 6 2 . 4 3 3 . 3 7
9 . 4 . 8 1 0 . 6 2 2 . 6 8 3 . 3 7 5 . 4 3
1 0 . 5 . 5 0 2 . 6 2 3 . 3 7 0 . 2 5 7 . 5 6
1 1 . 8 . 2 5 1 . 3 7 3 . 3 7 0 . 1 8 5 . 4 3
1 2 . 5 . 5 0 2 . 6 8 3 . 3 7 0 . 2 5 8 . 2 5
13 . 2 . 0 0 2 . 6 2 4 . 0 6 0 . 3 7 4 . 0 6
14.' 5 . 5 0 1 . 3 1 2 .6 8 0 . 2 5 5 .5 0
1 5 . 4 . 0 0 2 . 0 0 4 . 0 6 0 . 6 2 4 .  62
1 6 . 1 2 .1 8 1 . 3 1 4 . 0 6 2 .0 0 8 . 2 5
1 7 . 1 1 .6 8 0 . 5 6 3 . 3 7 0 . 5 6 - 8 . 2 5
18 . 1 2 . 3 7 0 . 6 2 4 . 7 5 1 . 3 1 7 . 5 6
1 9 . 1 3 . 0 6 - - - - - 3 . 3 7 4 . 2 5 3 . 3 7
2 0 . 1 1 . 0 0 ---------------- 3 . 3 7 1 .0 0 6 . 1 8
Ave . 7 . 9 0 2 . 1 2 3 . 5 4 ; 1 .05- 6 .1 3
M.V . 1 2 . 4 8 1 1 . 0 5 1 0 . 5 4  : 1 . 8 0 1 1 . 3 6
The normal j e r k  was found to  He 3 . 6 0  
i n c h e s  -  . 6 6  i n c h e s  M. V. and a f t e r  l o s s  o f  
s l e e p  i t  was 4 . 6 9  i n c h e s  -  1 . 1 9  i n c h e s  M. V. or  
an i n c r e a s e  o f  1 . 0 9  i n c h e s  -  . 5 1  i n c h e s  ].[. V. 
.Thus i t  i s  s e e n  t h a t  i n  t h i s  ex p e r im e n t  l o s s  o f  
s l e e p  i n c r e a s e d  t h e  e x t e n t  o f  th e  j e r k  41;'.
TABLE IX
THE EPF SCT OP LOSS OP SLEEP OH THE KNEE-JERK
2 O  m •±. «j .
Sub j , PATELLAR TIME D i f f . EXTENT EXPERT . D i f f
•' REFLEX AFTER betw een o f a f t e r between
TIME LOSS ( 1 ) ■& ( 2 ) JERK LOSS (4 )  & (5)
2 . 51 25 26 2 .3 0 4 . 0 8 1 . 7 8
3 . .38 35 03 9 .1 8 1 0 .2 0 1 . 0 2
19 . 49 33 16 4 . 5 6 5 . 0 8 ,5 2
29 . A 7 o 39 31 4 . 1 0 4 . 2 3 .1 3
3 1 . 62 50 12 1 . 7 4 2 ,5 7 .8 3
3 3 .  '■ 61 57 04 3 . 5 6 4 . 7 1 1.15.
3 4 . 37 26 11 7 . 2 5 7 . 9 0 .6 5
4 1 . 64 52 12 .9 3 2 . 1 2 1 . 1 9
4 4 . 38 36 02 2 . 1 5 3 . 5 4 1 . 3 9
64. 75 58 17 . 6 2 1 .0 5 .4 3
4 8 . 53 41 12 3 . 2 3 6 .1 3 2 . 9 0
Ave. 5 4 . 2 4 1 . 1 1 3 .1 3 , 6 0 4.69, 1 . 0 9
M.V.,. 4* 7 % • t  & + 7 + . 6 6 + 1 .1 9 i  *61
it*
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EXPERIMENT IV 
THE EFFECT OF SLEEP ON THE PATELLAR TENDON. REFLEX
S i x  s u b j e c t s ,  under  t h e  same c o n d i t i o n s  a s  
t h o s e  u s e d  i n  t h e  s tu d y  on t h e  e f f e c t  o f  l o s s  o f  
s l e e p ,  were p e r m i t t e d  to  s l e e p  w h i l e  the r e f l e x  
t im e  and e x t e n t  o f  th e  k n e e - j e r k  w ere  b e i n g  meas­
u r e d ,  Twenty t e s t s  were made, upon ea ch  s u b j e c t  d u r ­
in g  s l e e p .
Table  X p r e s e n t s  t h e  d a ta  o b t a i n e d  from the  
measurements  o f  t h e  r e f l e x  t ime w h i l e  t h e  s u b j e c t s  
v/er.e a s l e e p .  The a v e r a g e s  and t h e  mean v a r i a t i o n s  
a r e  a l s o  g i v e n  f o r  ea ch  s u b j e c t .
Table  XI p r e s e n t s  t h e  d a t a  o b t a i n e d  from  
m easurem ents  o f  t h e  e x t e n t  o f  the  k n e e - j e r k  w h i l e  
t h e  s u b j e c t s  were a s l e e p .  The a v e r a g e s  ana mean 
v a r i a t i o n s  a r e  a l s o  g i v e n  f o r  e a c h .  Table X II  
shows the e f f e c t  o f  s l e e p  on t h e  k n e e - j e r k .  C o l ­
umn I  g i v e s  t h e  a v e r a g e  normal t im e  o f  th e  k n e e -  
j e r k  f o r  e a c h  s u b j e c t ,  w h i l e  t h e  s e c o n d  column  
g i v e s  t h e  r e f l e x  time d u r in g  l i g h t  s l e e p .  The 
d i f f e r e n c e s  b e tw e e n  t h e  s u b j e c t ’ s normal r e f l e x  
t im e  and t h e  r e f l e x  t im e  d u r in g  s l e e p  a r e  p r e s e n t ­
ed i n  column 3 .  The e x t e n t  o f ' t h e  normal j e r k
TAB 1 3  X
THE EPPECT CP SLEEP OH THE. PATELLAR TEHLON RSPLEX
IHDIVIDUAL MEASUESKSIITS. OP THIS 
S u b j e c t s
4
T e s t
13. 22 23 36 43 45 48
1 . 60 33 52 18 45 38 57 46
2 . 71 .34 62 18 44 41 45 62
3 . 91 30 66 73 40 33 29 60
4 . 72 21 41 48 31 36 29 56
R• 15 30 46 27 40 45 43 57
6 . 111 33 70 95 44 30 41 42
7. 145 36 72 89 44 35 57 76
8 . 75 33 70 96 45 30 34 77
9 . 131 34 80 72 19 45 42 58
1 0 . 102 36 96 61 44 44 12 60
1 1 . 148. 35 81 81 47 46 42 84
1 2 . 132 32 95 86 : 43 42 42 60
1 3 . 146 37 50 25 65 4 4 45 60
14. 173 35 90 97' 63 59 43 46
1 5 . 157 37 87 53 54 37 30 45
1 6 . 134 39 94 93 46 38 45 82
1 7 . 88 38 81 100 65 41 43 71
1 8 . 142 38 70 132 63 31 35 73
1 9 . 85 38 75 127 89 37 47 63
£0 . 77 31 69 116 79 50 40 18
Ave. 102 37 72 75 50 40 40 60
M.V. -41 1 3 : t ! 2 .128  . n  2 t  a► — V + 7» -- 1 HO
a p p ea r s  i n  column 4 ,  w h i l e ,  column 5 g i v e s  t h e  e x ­
t e n t  d u r in g  s l e e p .  The l a s t  column p r e s e n t s  th e
d i f f e r e n c e s  b e t w e e n ' t h e 'n o r m a l  e x t e n t  o f  th e  j e r k  
«
and t h e  e x t e n t  d u r i n g  s l e e p .
The a v e r a g e  normal pat 'e l la 'r  tendon  r e f l e x
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TABLE I T
THE EFFECT OF SLEEP ON THE PATELLAR TENDOH REFLEX
IHDIVIDUAL L1EASUREMEHTS OF THE ‘EXTENT OF THE JERK
S u b j e c t s
4 13 22 25 36 4 3 45 48
T e s t
1 . 7 . 00 9 . 6 2 3 .43 0 . 6 2 2 ,00 2 . 6 2 1 ,,00 2 . 6 2
2 . 2 . 62 7 . 5 6 2 .68 1 . 0 0 2 ,.00 2 .0 0 1 . 37 0 . 6 2
3 . • 2 . 62 8 . 2 5 5 ,5 0 1 . 1 8 4.,75 4 . 0 6 2 .,62 0 . 6 2
4 . 1 . 37 9 . 6 2 4, 06 1 . 0 0 5.,50 3 . 3 7 2 ,,00 0 . 6 2
5 . 2 . 68 8 . 2 5 4 ,06 1 . 1 8 3 .43 1 . 3 1 : 1 ,00 - 0 . 3 1
6 • 3 . 42 ' 8 . 1 8 2 .00 . 0 . 5 0 6 .,18 6 .1 8 3 .37 4 . 0 6 ;
7 . 2 . 12 9 .0 0 4..12 0 . 6 2 6 .18 4 . 7 5 2 .,00 0 . 6 2
8 . 2 . 00 8 . 2 5 3.,45 1 . 2 5 7,.50 6 . 1 8 0 ..62 0 . 6 2
9 . 2 . 62 8 . 2 5 4 .81 1 . 3 1 7 56 4 . 1 2 0 62 0 . 1 2
1 0 . 4 . 62 8 . 2 5 3,,43 0 .6 2 2 , 68 6 .6 8 0 . 62 0 . 6 2
1 1 . 1 . 31 3 .2 5 4,,12 1 . 3 1 2 ,00 4 . 6 2 0 .,62 0 .5 0
1 2 . 2 . 00 8 .8 9 6 .,13 1 . 3 1 8 .87 1 . 3 1 0 ,62 G.3U
13 . 3 . 43 8 . 9 3 4,,12 0 . 7 5 • 4,.81 2 . 0 0 0 .,62 0 . 3 7
1 4 . 4 . 62 8 . 9 3 5,.50 0 . 6 2 6 ,,87 2 .67 0 ,,62 0 . 2 5
1 5 . 8 . 30 8 . 1 8 4 ,81 0 .62 ' 7 ,56 2 , 0 0 0 , 62 0 . 2 5
1 6 . 4 . 62 7 .5 0 4.,12 1 . 3 1 4.,81 4 . 7 5 0 ,,62 0 . 2 5
17 . 4 . 62 8 . 2 5 4,.93 0 • 62 6 .12 2 . 7 5 0 .50 2 . 0 0
18 . 0 . 62 8 . 2 5 4,,81 0 . 6 2 4 68 , 2 .9 5 0 , 68 0 . 6 2
1 9 . 0 . 62 8 . 2 5 3 ,42 1 . 0 0 6 ,66 2 . 0 0 0 , ,50 0 . 7 5
2 0 . 0 . 62 8 . 1 8 4 .12 2 . 2 5 4. , 1 2 2 .6 7 1 ,,3L 1 . 3 7
Ave a O  . 10' 3 .2 9 4 .18 0 . 9 8 5 . 2 2 - 3 . 4 6 : 1 , t—
1 o 0 . 8 8
I T . V . t L . 60; t O .  37 to. .67 tD .3 3 t l 69 tL.38 , i o . ,60 tO. 65
t im e  o f  t h e  e i g h t  s u b j e c t s  was found t o  be 4 2 . 2  s i g ­
mas "t 7 s igm as  M. V. During  l i g h t  s l e e p  i t  was 5 9 .
9 s igm as  £  15 s ig m a s  M. V. or an i n c r e a s e  o f  1 7 . 7  
s ig m a s  -  8 . 4  s ig m a s  M. V. T h i s  shows t h a t  l i g h t  
s l e e p  i n  t h i s  e x p er im en t  i n c r e a s e d  th e  t im e  o f  t h e  
p a t e l l a r  t e n d o n  r e f l e x  4 2 $ .
TABLE XII
THE EFFECT OF SLEEP OH THE PATELLAR
I 2 i5 4
SuBj,
O’.
REFLEX TIME BIFF. HXTEN1
... TIME d u r in g "between o f
* SLEEP ( 1 ) & ( 2 ) JERK
4 . 67 £102 35 5 . 3 9
1 3 , 29 37 08 8 . 4 0
2 2 . 47, 72 25 5 . 5 0
23> 58 75 17 1 . 5 2
36 • 40 50 10 6 . 0 3
43'. 20 44 24 4 . 2 2
4 5 . 38 40 02 3 . 2 9
4 8 . 39 59 20 3 . 4 9
Aye. 4 2 , 2 5 9 . 9 1 7 . 7 4 . 7 3
M.V. t l i  i s t a £ 1 . 1 7
TEH 13 Oil REFLEX
5
EXTENT
d u r in g
SLEEP
5 . 10
8 . 2 9
4 . 1 8
0 . 9 8
5 . 2 2
3 . 4 6
1.10 
0 . 8 8
3 . 4 0
£ .91
6
BIFF.  
Between  
(4 )  & •(5 )
2 .2 8
0.11
1 . 3 2  
0 . 5 3  
0 , 8 1  
0 . 7 6  
2 . 1 9  
2 . 6 7
1 . 3 3
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TAJ31B' X I I I  
THE EFFECT- OF ELECTRICAL STIMULATION 
.OH TH3. MEE-JSRZ
INDIVIDUAL MEASUREMENTS''OF TIIIS 
S u b j e c t s
2 19 34 36 39
Te a t
1 . ■ 24 27 15 19 18
2 . 27 22 2 1 . 18 21
3 . 33 16 18 27 20
4 . 28 19 21 26 30
5 . 36 15 15 29 24
6 . 28 21 16 27 18
7 . 36 24 22 22 16
8 . 26 21 15 24 : 17
9. 36 24 21 22 17
1 0 . 31 24 18 16 13
Ave . 30 21 18 23 / 18
M.V . + 3 * 3 + 2» + 4 1 3
TABLE XIV 
THE EFFECT OF ELECTRICAL STIMULATION 
ON THE KNEE-JERH
INDIVIDUAL HEA3UREM3NTS OF EXTENT 
S u b j e c t s
1 . 1 9 . 34 . 3 6 . 39 .
T e s t
1 . ' 4 . 5 0 7 . 0 0 : 1 0 . 0 0 : 7 . 0 0 1 3 . 1 2
•2. 7 . 5 0 3 . 0 0 .:1 0 . 0 0 : 7 . 3 7 1 5 . 8 1
3 . 6.-12 9 . 0 0 : 1 0 . 0 0 : 7 .2 5 1 5 . 8 1
4. 4 . 2 5 7 ,7 5 : 8 . 5 0 : 8 . 0 0 14. 50
5. 7 . 0 0 9 . 2 5 : 9 . 2 5 7 .2 5 . 1 3 .7 5
6 . 6 . 0 0 4 . 2 5 8 . 5 0 : 6 . 0 0 1 3 .1 2
7. 6 . 8 7 8 . 0 0 : 9 . 2 5 : 8 . 7 5 14. 50
8 . 5 . 2 7 5 .0 0 : 8 . 7 5 : 7 .7 5 11 .75 ,
9 . 4 . 7 5 1 1 . 7 5 : 9 . 7 5 : 7 .0 0 1 1 . 7 5
1 0 . 6 . 1 8 , 1 3 . 6 8 : 8 . 5 0 : 7 . 6 2 1 3 . 7 5
Ave . . 5 .8 3 • 7 .8 6 : 9 . 2 5 •: 7 . 6 9 13 .79
M.V . t O . 92 t l  .19 :+ 0 ;5 5 : t 0 . 5 8 t l  .09
THE
X.
EFFECT CP 
2 .
TABLE XV 
ELECTRICAL STIMULATION 
KNEE-JERK '' 
S u b j e c t s
3. 4 .
ON THE 
5. 6 ,
S u b j , - PATELLAR TIME D i f f . EXTENT EXTENT D i f f .
REFLEX DURINO b e t w e e n cf d u r i n g  ’ be tweei
TIME STIMULATION (1)  & (2) JERK STIMULATION (1) &
2 . 51 30 21 2.31 5 . 8 3 3 . 5 2
1 9 . 49 PI 28 4 . 5 6 7 .8 6 3 .3 0
3 4 . 37 18 19 7 . 2 5 9 .2 5 2 , 0 0
3 6 . 60 23 37 6 .0 3 7 .6 9 4 , 3 4
69 . 28 18 10 1 0 . 1 6 1 3 .7 9 3 , 6 3
A ve . 45 22 23 5 .5 7 8 , 2 6 3 . 5 6
y . v . i  6 t  3 i  Q + .85 + , 8 7 t  *66
.►F*CO
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The t h i r d  column p r e s e n t s  the  f i i f f e r e n o e s  b e t ­
ween t h e  n oraaL r e f l e x  t im e  and th e  time a f t e r  
e l e c t r i c a l  s t i m u l a t i o n ®  Column 4 g i v e s  the  
e x t e n t  o f  the  normal j e r k ,  w h i l e  column 5 shows  
th e  e x t e n t  o f  the  j e r k  a f t e r  e l e c t r i c a l  s t i m u l ­
at ion® The d i f f e r e n c e  b etw een  th e  normal j e r k  
and th e  j e r k  a f t e r  e l e c t r i c a l  s t i m u l a t i o n  appears  
i n  column 6 .
The a v e r a g e  normal p a t e l l a r  ten d on  r e f l e x  
■ time f o r  t e n  s u b j e c t s  was found  to  be 45 s igm as  
± 6 s ig m a s  M.V® . A f t e r  e l e c t r i c a l  s t i m u l a t i o n  i t  
was 22 s ig m a s  ± 3  sigrnas M.V. or a r e d u c t i o n  o f  
23  s igm as  ± 8  s ig m a s  M.V. T h is  e x p er im e n t  shows  
t h a t  e l e c t r i c a l  s t i m u l a t i o n  r e s u l t e d  i n  a r e d u c ­
t i o n  o f  t h e  t im e  o f  t h e  k n e e - j e r k  51%.
The a v e r a g e  normal e x t e n t  o f  th e  j e r k  was 
5 . 5 7  i n c h e s  +>85 i n c h e s  M .V . , w h i l e  the  e x t e n t  
d u r in g  e l e c t r i c a l  s t i m u l a t i o n  was 8 . 2 6  in c h e s  
j - .87  i n c h e s  M.V. or an i n c r e a s e  o f  3 . 5 6  in c h e s  
t o 5 6  i n c h e s  M.V. Thus i t  i s  s e e n  t h a t  e l e c t r i c ­
a l  s t i m u l a t i o n  i n c r e a s e d  the e x t e n t  o f  the j e r k  
43%.
EXPERIMENT VI"
THE 3PFS0T OF SMOKING ON THE KNSi^ JB2K
*' ■ *■ ••
A lth o u g h  t h e  f i r s t  e f f e c t  o f  a s m a l l  amount
o f  t o b a c c o  smoke i s  t o  s t i m u l a t e  n e r v o u s  a c t i v i t y ,  
n e v e r t h e l e s s  p r o l o n g e d  smoking i s  known t o  a c t  a s  
a  d e p r e s s a n t .  To t e s t  t h e  i n f l u e n c e  o f  e x c e s s i v e  
smoking f o r  a s h o r t  p e r i o d ,  s i x  s u b j e c t s  w ere  meas  
ured  a f t e r  i n h a l i n g  th e  smoke o f  s i x  t u r k i s h  c i g a r  
e t t e s  i n  a p p r o x i m a t e l y  f o r t y —f i v e  m i n u t e s .
T a b le  XVI p r e s e n t s  t h e  d a t a  o b t a i n e d  fro m  
t h e  m e a s u r e m e n t s  o f  t h e  r e f l e x  t i m e  i m m e d i a t e l y  
f o l l o w i n g  t h e  s m o k i n g .  The a v e r a g e s  and mean v a r ­
i a t i o n s  a re  a l s o  g i v e n  f o r  e a ch  s u b j e c t .
T a b le  XVII p r e s e n t s  t h e  d a t a  o b t a i n e d  from  
t h e  m e a s u r e m e n t s  o f  t h e  e x t e n t  o f  t h e  j e r k  t o ­
g e t h e r  w i t h  t h e  a v e r a g e s  and mean v a r i a t i o n s .
The f i r s t  column o f  t a b l e  X / I I I  g i v e s  t h e  
norm al  r e f l e x  t i m e ,  w h i l e  co lumn '2 show s  t h e  t i m e  
a f t e r ' s m o k i n g .  The t h i r d  c o l u m n - p r e s e n t s  t h e  
d i f f e r e n c e s  b e tw e en  t h e  n o r m a l  r e f l e x  t i m e  and the  
t im e  a f t e r  s m o k in g .  Column 4 shows t h e  e x t e n t  o f  
t h e  norm al  j e r k ; ,  column 5 g i v e s  t h e  e x t e n t  a f t e r  
sm okin g  and column 6 p r e s e n t s  t h e  d i f f e r e n c e s
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TABLE. XVI -
THE. EFFECT OF SMOKING;'ON THE,, 
KNEE-JERK
INDIVIDUAL MEASUREMENTS OF TIME
3. 1 7 .
S u b j e c t s  
4 3 .  5 6 . 70 . 71
Test  
1 . 41 41 26 80 57 53
S. 43 61 41 6l 64 54
3. 53 55 45 68 63 52
4 . 50 44 40 81 47 51
5 . 61 45 23 6 6 ’ 58 69
6 . 53 64 40 73 65 54
7. 61 72 40 65 46 : 74
8 . 42- 69 45 64 68 52
9 . 43 64 42 68 62 . 63
10/ 69 65 53 75 68 64
1 1 . 57 67 57 70 41 63
1 2 . 54. 79 38 56 - 45 57
12 . 61 58 29 80 60 68
14 . 68 48 32 61 46 59
15. 63 60 36 68 68 62
1 6 . 45 «... 44 73 78 56
17 . 62 40 65 63 53
1 8 . 64 —— 59 70 67 73
1 9 . 63 69 83 51
2 0 . 65 ---- — 68 42 74
Ave. ,55 59 43 69 58 60
M.V.
CO 
+ 
1 : 19 +7 » * *5 £ 9 t .7
b e t w e e n  t h e  norm al  j e r k  and t h e  e x t e n t  o f  t h e  
, j e r  k a f  t  er  s m o k i n g .
The a v e r a g e  normal p a t e l l a r  t e n d o n  r e f l e x  t i m e  
f o r  t h e  . s ix  s u b j e c t s  was f o u n d  t o  he 3 5 . 5  s i g m a s - j -
6 s i  emus V . 7 .  f t e r  t h e  s m o k i n g i t .  was 5'7.2
TABLE XYII 
THE EFFECT OF SMOKING OH THE KNEE-JERK
INDIVIDUAL MEASUREMENTS OF EXTENT 
S a b j a c t s
70 . S .  1 7 .  71 . 4 3 ,  5 6 .
T e s t
1. 3.31 •• 6.93 •• 4.50 •• 2.00 •• 3.50 * 1.31
2. 2.37 «• 8.31 *• 3.37 *• 2.68 00 0.68 «* 1.37
3. 3.00 * 7.56 •• 1.31 * 3.37 00 1.12 0m 0.18
4. 3.00 •• 7.25 • 6.18 • 2.62 0• 2.12 00 0.18
5. 2.00 *» 6.37 •• 0.62 • 3.37 •# 0.50 •• 0.18
6. 2.12 •• 7.37 •• 2.00 ' •  . » 3.50 •• 2.75 • 0.18
7. 1.00 •• 8.00 •• 1.31 •m 4.00 » 0.12 • 0.18
8. 0.75 • 7.56 •• 1.31 •0 4.00 •0 1.37 •• 0 il8
9. 0.87 •• 7.56 •• 1.37 00 4.37 00 1.37 •• 2.00
10. 0.87 •» 6.25 •• 1.37 00 2.75 00 1.37 •  •  ' 1.25
11. 0.75 a 7.00 •* 1.37 0• 4.00 00 2.75 0 1.06
12. 1.93 •• 6.50 •• 0.62 »« 4.00 •• 0.68 00 2.00
13. 3.12 •• 8.00 •0 0.62 •0 4.75 0> 2.06 00 0.87
14. 1.37 *• 8.00 00 0.62 • 4.75 •• 2.12 00 1.12
15. 2.75 •• 8.75 0• 0.62 •• 4.00 •0 1.37 00 0.87
16. 1.56 •• 8.00 *«k •0 4.00 00 2.75 0 0.75
17. 1.56 •* 7.62 *• 0• 3.37 ■0 ‘ 2.75 00 2.00
18. 1.37 •• 7.00 • 0 5.25 • 2.75 0• 0.12
19. 1.97 ** 8.00 *• • 5.37 * •0 0.18
20. 3.43 • 8.87 •0 *• 5.75 •* •0 0.87
Ave .  1.95 •• 7.54 0♦ io8 i 0 3.89 • 1.78 00 0.84
M.Y . t o . 74 t o .59 • t l .1 8 . 4  0 * o 0 -a 0  "5“ 0 „:0.83 :t0.54
s ig m a s  ±  7 s ig m as  M. Y. o r  a n  i n c r e a s e  o f  2 1 .8  
s igm as ±  7 s ig m as  M. Y. T h is  e x p e r im e n t  shows 
t h a t  e x c e s s i v e  sm oking i n c r e a s e d  th e  tim e o f  th  
k n e e - j e r k  6 1$ .
The a v e r a g e  n o rm al e x t e n t  o f  th e  j e r k  was
THE EFFECT Of
. 1 .
Su bj, F A ta U H  TIME
REFLEX AFTER
TIME SMOKING
3, 36 55
17, 32 69
43. 20 43
5 o . 5 7  69
70. 82 58
71. 46 60
Are. 35.5 67.2
M.V. t  o t  7
TABLE XVIII 
SMOKING OH TBS K SJSS-JSiO C 
Subjects
3. 4. 5. 6,
B i f f . EXTENT EXTENT B i f f .
bstwae n o f A f te r between
(1) & (8) JERK SMOKING (4) & (5)
19 9.18 7.54 1.64
27 4.92 1.81 8 4 ®
23 4.22 1.78 2,64
12 £.92 0 , 84 8,07
56 2.55 1.96 ®»6®
14 7.46 5.89 5,66
21.8 6.21 3.00 8.80
*7 4.98 + .7 4-.63 
* •
orcn
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5 .2  i n c h e s  .9 8  i n e h  M. Y . , w h i le  im m e d ia te ly  
a f t e r  th e  sm oking i t  was 3 i n c h e s  &  .7  i n e h  M.Y.. 
o r  a  r e d u c t i o n  o f  2 .2  i n c h e s . 53  M.Y. Thus i t  
i s  s e e n  t h a t  th e  e x t e n t  o f  th e  j e r k  w as r e d u c e d  
42^o
EXPERIMENT Y II  
THE EPPECT OP HYPNOSIS ON. THE KNEE-JERK
Two s u b j e c t s  were h y p n o t iz e d  and t e s t e d  
w i th o u t  know ledge o f  th e  p u rp o se  o f  th e  e x p e r i ­
m e n t .  The s u b j e c t s  w ere  th e n  g iv e n  a  seco n d  t e s t  
i n  w hich i t  was s u g g e s te d  t h a t  th e  k n e e - j e r k  
would be q u ic k e r  and f a r t h e r ,  a f t e r  w h ich  m ea su re ­
m ents  were t a k e n .  Im m e d ia te ly  f o l lo w in g  t h i s  
t e s t ,  a n o th e r  s u g g e s t i o n  was g iv e n  t h a t  th e  k n e e -  
j e r k  would be  s lo w e r  and s h o r t e r .  M easurem ents  
were r e c o r d e d  a s  b e f o r e .  The r e s u l t s  o b t a i n e d  
f o r  th e  f i r s t  s u b j e c t  a p p e a r  i n  t a b l e  XIX.
The r e s u l t s  o b t a in e d  f o r  th e  f i r s t  s u b j e c t  
show th e  a v e ra g e  t im e  u n d e r  h y p n o s is  to  be 40 
sigmas Hr 4 s ig m as  M. Y .s w h i le  th e  n o rm al a v e ra g e  
tim e  o f  th e  r e f l e x  was 38 s igm as +  5 s ig m as  M. Y.
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TABLE XIX
THE BPPEGT Of HYPNOSIS ON THE OEE-JEBK 
SUBJECT 4 4  (T ab le  I . )
W ith o u t W ith  f i r s t  W ith  second
S u g g e s t io n  S u g g e s t i o n  S u g g e s t io n -
Time E x te n t Time E x te n t Time E x te n t
T e s t
1 . 46 •• 2 .0 0 «• 28 •• 8 .8 7 «• 39 •• 4 .5 0
2 . 38 •• 2 .5 0 • 24 a 1 1 .7 5 • 43 •• 3 .2 5
3 . 38 *• 1 .0 0 •• 32 * 1 2 .0 0 •• 36 •* 3 .7 5
4 . 38 a« 1 .2 5 • 38 •• 1 4 .3 7 •« 45 •• 4 .7 5
5 . 42 *• 1 .7 5 •• 16 •• 1 1 .2 5 «• 45 » 4 .0 0
6 . 42 *• 1 .2 5 a 33 «.ft 1 3 .0 0 •• 50 ft 3 .6 2
7 » 38 *• 2 .6 2 •• 31 •  > • 1 7 .1 2 48 *• 3 .1 2
8 . 42 * 1 .2 5 •• 31 •• 1 6 .5 0 •• 52 • 3 .2 5
9 . 36 *• 1 .2 5 •• 27 •ft 1 8 .0 0 «• 46 * 2 .7 5
1 0 . 39 • 1 .2 5 •* 30 •* 1 4 .5 0 *.• 53 • 2 .7 5
1 1 . 40 •• 1 .0 0 • 34 ft♦ 1 5 .5 0 *• 46 *•  ' 2 .2 5
1 2 . 40 •• 1 .2 5 •• 37 • 1 4 .0 0 * 51 • 3 .5 0
1 3 . 41 »* 1 .7 5 • 36 •• 1 3 .0 0 •• 52 I 4 .0 0
14 . 41 •« 2 .0 0 •• 41 *• 15 .12 a 45 I 4 .3 7
1 5 . 39 aa 0 .6 2 »• 42 •*. 1 7 .0 0 a• 44 *ft. 3 .6 2
1 6 . 44 *• 1 .2 5 a• 43 a• 1 9 .2 5 • 52 • • 3 .7 5
1 7 . 38 •• 1 .2 5 •« 38 *• 1 3 .2 5 • 47 •• 3 .7 5
1 8 . 42 a• 0 .8 7 • 37 *• 1 9 .1 2 • 46 a• 4 .6 2
1 9 . 39 •ft 2 .0 0 •• 39 ft• 1 2 .7 5 »* 48 • 4 .1 2
20 . 48 • 1 .2 5 • 40 »« 1 8 .7 5 • - - •• ------------------- ■
Ava . 40 ftft 1 .4 5 •• 34 • 1 4 .7 5 a• 46 • 3 .6 7
M.Y. £ 4 •ft + .42 15 +  2 .2 5 •• 13 a• + .5 1
I n  t h i a  e a s e  h y p n o s i s  i n c r e a s e d  th e  t im e  o f  th e  
p a t e l l a r  te n d o n  r e f l e x  2 s ig m as o r  5 $ .  The a v e r ­
age e x t e n t  o f  th e  j e r k  u n d e r  h y p n o s i s  was 1 .4 5  
i n c h e s  ^  .4 2  in ch e s .  M. Y. w h i le  th e  a v e ra g e  norm al
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e x t e n t  was 8*15 i n c h e s  t  *54 i n c h e s  M» Y. Thus i t  
i s  s e e n  t k a t  th e  j e r k  was d e c r e a s e d  46 $ .
The r e s u l t s  a f t e r  t k e  f i r s t  s u g g e s t i o n  show 
th e :  averag e ;  t im e  t o  he  r e d u c e d  to  34 s ig m as £~ 5 
s ig m a s  M« V* and  t k e  a v e ra g e  e x t e n t  t o  be i n c r e a s ­
ed  to  1 4 .7 5  i n e k e s  -  2 .2 5  in e k e s  1£. Y. T h is  shows 
t h a t  th e  s u g g e s t i o n  o f  a  d e e r e a s e  i n  t im e  r e s u l t ­
e d  i n  a  d e e r e a s e  o f  6 s igm as  o r  15$  w h i le  th e  sug ­
g e s t i o n  o f  an  i n c r e a s e  i n  th e  e x t e n t  i n c r e a s e d  th e  
a v e ra g e  e x t e n t  o f  th ^  j e r k  o f  1 3 .3 0  i n c h e s  o r  917$ .
A f t e r  th e  s u g g e s t i o n  t h a t  th e  tim e would be 
g r e a t e r  and  th e  e x t e n t  s h o r t e r ,  th e  r e s u l t s  show 
th e  a v e ra g e  tim e t o  be i n c r e a s e d  6 s igm as  o r  15$ 
w h i l e  the. e x t e n t  o f  t h e  a v e ra g e  j e r k  was i n c r e a s ­
ed  2 .2 2  i n c h e s  o r  an  i n c r e a s e  o f  1 53$ . The i n ­
c r e a s e  o f  th e  e x t e n t  was p r o b a b ly  due to  th e  f i r s t  
s u g g e s t i o n  c a r r y i n g  o v e r  and a f f e c t i n g  th e  seeond  
s u g g e s t i o n .
,The r e s u l t s  o f  th e  t e s t  on th e  se co n d  su b ­
j e c t  a r e  p r e s e n t e d  i n  t a b l e  X2C. The a v e ra g e  tim e  
o f  th e  r e f l e x  u n d e r  h y p n o s i s  was 74 sigmas^ " t 1 7  
s ig m as  M. Y. w h i le  h i s  a v e ra g e  n o rm al r e f l e x  tim e
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was 52 s ig m as  -  13 s ig m as M. Y. show ing t h a t  hyp­
n o s i s  i n c r e a s e d  th e  tim e  22 s igm as o r  29$ . The 
a v e ra g e  e x t e n t  o f  th e  j e r k  u n d e r  h y p n o s i s  was
1 .1 6  i n c h e s  - . 5 2  in c h e s  M. V . , w h i le  th e  n o rm al
e x t e n t  o f  tk e  j e r k  was 1 .6 1  inekes*  -  1 .0G  i n e k  11.
V. Thus i t  i s  s e e n  t h a t  h y p n o s i s  d e c r e a s e d  tk e  
e x t e n t  o f  th e  j e r k ,4 5  i n c h e s . o r  2 7 $ .
Tke r e s u l t s  o b t a i n e d  a f t e r  th e  f i r s t  su g g e s ­
t i o n  show th e  a v e ra g e  tim e to  be  i n c r e a s e d  to  121 
s ig m as  -  39 s ig m as  M. V. I n  t h i s  e x p e r im e n t ,  
H y p n o t ic  s u g e s t i o n  i n c r e a s e d  th e  t im e  o f  th e  r e ­
f l e x  39 s igm as o r  6 2$ . The e x t e n t  o f  th e  j e r k  
was i n c r e a s e d  to  4 .9 1  % 2 .0 1  i n c h e s  M. V. a f t e r  
th e  s u g g e s t i o n .  Thus th e  e x t e n t  o f  th e  j e r k  was 
i n c r e a s e d  3 .7 5  i n c h e s  o r  323$ . A f t e r  th e  secon d  
s u g g e s t i o n  was g iv e n  no r e s p o n s e  was o b t a i n e d .
SUMMARY ASD DISCUSSION OP RESULTS
1 .  The a v e ra g e  tim e o f  th e  k n e e - j e r k  i n  n o r ­
mal s u b j e c t s  u n d e r  th e  c o n d i t i o n s  o f the  p r e s e n t  
e x p e r im e n t  i s  42 s igm as -  6 s igm as  M. V. The ex­
t e n t  o f  th e  j e r k  i s  5 .2 4  i n c h e s  -  1 .2 3  i n c h e s  M. Y.
How can  we r e c o n c i l e  our r e s u l t s  w i th  th o s e  
o f  Hoffm an and T u t t l e ?  Hoffman fo u n d  th e  tim e o f  
th e  k n e e - j e r k  i n  one s u b j e c t  to  be  from  19 to  24 
s igm as  and i n  a n o th e r  32 to  36 s igm as  w h i le
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T u t t l e  g i v e s  th e  g r o s s  t im e  t o  be  79 s ig m a s  f o r  
e i g h t  s u b j e c t s *  Tke d i f f e r e n c e  may b e  a c c o u n te d  
f o r  i n .  t h r e e  ways* T u t t l e  and  Hoffman u s e d  a  
v e r y  l i m i t e d  number o f  s u b j e c t s ,  tb e  a p p a r a t u s  f o r  
r e c o r d i n g  was d i f f e r e n t ,  and a  s p r i n g  ty p e  o f  
hammer was uaede  W ith  t h i s  ty p e  o f  hammer, i t  i s  
h a r d  t o  d e l i v e r  a -u n i f o r m  s t im u lu s *
2 .  The l o w . c o r r e l a t i o n  {^*02} b e tw e e n  th e  
t im e  and e x t e n t  o f  th e  k n e e - j e r k  may be e x p la in e d  
by th e  f a c t  t h a t  th e  r e f l e x  t im e  and th e  e x t e n t  o f  
th e  j e r k  a r e  in d e p e n d e n t  o f  e a c h  o th e r *  The f o r ­
mer d ep en ds  upon  th e  sp e e d  o f  c o n d u c t io n  o f  th e  
n e rv e  c u r r e n t  from  th e  p o i n t  o f  s t i m u l a t i o n  o f  th e  
p a t e l l a r  te n d o n  to  th e  s p i n a l  c o rd  and from  th e  
s p i n a l  c o rd  to  th e  e x t e n s o r  m uscle*  The l a t t e r  
d ep en d s  u pon  th e  m u sc le  to n u s  and th e  number o f  
f i b e r s  r e s p o n d in g .  (H ow ell 11}
3 .  M uscle  t e n s i o n  a s  i n  g r i p p i n g  th e  dyna­
m om eter ,  r e d u c e s  th e  t im e  and i n c r e a s e s  th e  ex­
t e n t  o f  T th e  k n e e - j e r k *  The e x p l a n a t i o n ,  a c c o rd ­
i n g  to  W* H* Howell* i s  t h a t  "The n e u ro m u s c u la r
* 0 p .  C i t . ,  158*
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m a c h in e ry  o f  th e  e n t i r e  c e n t r a l  n e rv o u s  s y s te m  i s  
more o r  l e s s  d i r e c t l y  c o n n e c te d  and t h a t  th e  
f u n c t i o n a l  a c t i v i t y  a t  one p a r t  may i n f l u e n c e  th e  
i r r i t a b i l i t y  o f  th e  r e m a in d e r ,  e i t h e r  i n  th e  d i r ­
e c t i o n  o f  r e i n f o r c e m e n t  o r  i n h i b i t i o n , ,  We may con­
c e iv e  t h e r e f o r e ,  t h a t  when th e  h a n d s  a r e  s q u e e z e d ,  
th e  m o to r im p u lse  s e n t  down from  th e  c o r t e x  o f  thd  
b r a i n  to  th e  u p p e r  p o r t i o n  o f  th e  c o rd  o v e r f lo w  to  
s o m e .e x te n t  s u f f i c i e n t  a t  l e a s t  to  a l t e r  th e  
i r r i t a b i l i t y  o f  th e  o t h e r  m o to r  n e u ro n s  i n  th e  
c o r d , "
4 .  L oss o f  s l e e p  r e d u c e s  th e  tim e and i n ­
c r e a s e s  th e  e x t e n t  o f  th e  j e r k  when th e  s u b j e c t  i s  
awake d u r in g  the  t e s t .  When th e  s u b j e c t  i s  a s l e e p  
d u r in g  th e  t e s t ,  th e  tim e o f  th e  r e f l e x  i s  i n ­
c r e a s e d  and th e  e x t e n t  o f  th e  j e r k  i s  d e c r e a s e d .
The e x p l a n a t i o n  o f  th e  f i r s t  o f  th e s e  e f f e c t s  
depends upon  th e  f a c t  t h a t  l o s s  o f  s l e e p  c a u s e s  
i n c r e a s e d  i r r i t a b i l i t y  o f  th e  n e rv o u s  s y s te m .  
(C o n k l in  4) The e f f e e t  o f  s l e e p  may be e x p la in e d  
by th e  f a c t  t h a t  d u r in g  s l e e p ,  im p u ls e s  w h ich  a re  
c o n d u c te d  th ro u g h  th e  c e n t r a l  n e rv o u s  s y s te m  make
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p r o g r e s s  with, g r e a t  d i f f i c u l t y  and do n o t  f o l io ®  
th e  n o rm al p a t h s  h u t  a r e  c o n d u c te d  i n t o  many ch an ­
n e l s  th ro u g h o u t  th e  body* (Judd  13)
Judd** a l s o  s t a t e s  t h a t  d u r in g  s l e e p  th e  mus­
c l e s  a r e  more r e l a x e d  th a n  d u r in g  w aking  h o u rs  and 
th e  s t i m u l a t i o n s  s e n t  from  th e  n e r v e s  to  th e  mus­
c l e s  a r e  r e d u c e d .  T h is  e x p l a i n s  why th e  e x t e n t  o f  
th e  j e r k  was d e c r e a s e d .
5 .  The e f f e c t  o f  e x c e s s i v e  sm oking i s  to  de­
p r e s s  th e  k n e e - j e r k .
The d e p r e s s a n t  e f f e c t  o f  th e  to b a c c o  i s  a c ­
c o u n te d  f o r  by  th e  t o x i c  a c t i o n  o f  th e  n i c o t i n e .  
A u t e n r i e t h  ( D  s t a t e s  t h a t ,  " F o l lo w in g  b r i e f  s t i m ­
u l a t i o n ,  n i c o t i n e  e x e r t s  a c e n t r a l  p a r a l y z i n g  
a c t i o n  upon  th e  b r a i n  and s p i n a l  c o r d " .  The p e r ­
io d  o f  s t i m u l a t i o n  a c c o r d in g  to  C ush ing  (5) i s  
v e r y  b r i e f ,  and f u r t h e r m o r e ,  a s  so o n  a s  th e  n i c o ­
t i n e  l o s e s  i t s  s t i m u l a t i n g  e f f e c t  and becomes a  
d e p r e s s a n t ,  th e  r e f l e x  movements d i s a p p e a r .
6 .  The e f f e c t  o f  e l e c t r i c a l  s t i m u l a t i o n  i s  
to  r e d u c e  th e  tim e and i n c r e a s e  th e  e x t e n t  o f  th e
* 0 p .  C i t .  1 9 2 .
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j e r k .
The e x p l a n a t i o n  o f  t h e s e  r e s u l t s  i s - u n c e r t a i n  
s ine®  v e r y  l i t t l e  i s  know® a b o u t  t h e  e f f e c t  o f  
e l e c t r i c i t y , .  o n  t h e  n e rv o u s  sy s te m  o r  on t h e  mus­
c l e s .  I t  may be  t h a t  t h e  e f f e c t  i s  p ro d u c e d  by 
e x c i te m e n t  and  e x c e s s i v e  m u sc u la r  c o n t r a c t i o n  un ­
d e r  th e  i n f l u e n c e  o f  e l e e t r i c a l  s t i m u l a t i o n .
7 .  Ho g e n e r a l  s t a t e m e n t  can  b e  made from  th e s e  
r e s u l t s  ab o u t  th e  e f f e c t  o f  h y p n o tism  on  th e  k n e e -  
. je rk .  So f a r  a s  t h e  r e s u l t s  show any te n d e n c y  
i t  a p p e a r s  t h a t  h y p n o s i s  i n  th e  l i g h t e r  fo rm  i n ­
c r e a s e s  th e  t im e  and  d e c r e a s e s  th e  e x t e n t .  Deep 
h y p n o s i s  o r  c a t a l e p s y  a c t s  a s  a  d e p r e s s a n t  on 
th e  k n e e - j e r k .
I n  h y p n o s i s  w i th o u t  c a t a l e p s y  tithe s u g g e s te d  
e f f e c t  a c t u a l l y  o c c u r s  w h i le  i n  th e  c a t a l e p t i c  
s t a t e  a s  i n  th e  seco n d  s u b j e c t ,  th e  r e s u l t s  a r e  un ­
c e r t a i n .  S u g g e s t io n  seems to  have  i n f l u e n c e d  th e  
e x t e n t  s l i g h t l y  b u t  a p p a r e n t l y  had  no e f f e c t  on 
th e  t im e .
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CONCLUSIONS
A l l  th e  e x p e r im e n t s  i n  t h i s  i n v e s t i g a t i o n  
p o i n t  to  th e  c o n c lu s io n  t h a t  th e  t im e  o f  th e  knee® 
j e r k  i a  f a i r l y  c o n s t a n t  f o r  e a c h  i n d i v i d u a l  and 
th e  i n d i v i d u a l  d i f f e r e n c e s  i n  th e  g ro u p  f o l lo w  
, a p p ro x im a te ly  th e  no rm al c u rv e  o f  d i s t r i b u t i o n .
The e x t e n t  o f  th e  k n e e - j e r k  shows a g r e a t e r  v a r ­
i a t i o n  th a n  th e  tim e f o r  each  i n d i v i d u a l .  The 
r a n g e  o f  d i s t r i b u t i o n  i n  the  g ro up  i s  much w id e r  
th a n  i n  th e  c a se  o f  t im e .
The r e s u l t s  i n d i c a t e  t h a t  any  known p h y s i c a l  
o r  m e n ta l  c o n d i t i o n  w hich  i n c r e a s e s  th e  i r r i t a ­
b i l i t y  o f  th e  c e n t r a l  n e rv o u s  sy s te m  o r  th e  to n u s  
o f  th e  m u sc le s  t e n d s  to  s h o r t e n  th e  r e a c t i o n  tim e 
and i n c r e a s e  th e  e x t e n t  o f  th e  j e r k ;  w h i l e  any 
known c o n d i t i o n  w hich  a c t s  a s  a d e p r e s s a n t  on th e  
c e n t r a l  n e rv o u s  s y s te m  te n d s  to  l e n g t h e n  th e  r e ­
a c t i o n  tim e and l e s s o n  th e  e x t e n t  o f  t h e .k n e e -  
j e r k .
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